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I WAS acquainted with the preBant treatise long before a French 
translation was contemplated, and, mindful of the services it has ren- 
dered me in ray teachings, I have accepted, with pleasure, the task of 
presenting it to its new circle of readers. In any worli of recent date 
npon the pathology of the nervous system we expect to find, in ac- 
cordance with a very widespread penchant, theories regarding physio- 
logical mechanism predominate over the descriptive portions, and 
even dilated upon at the expense of clinical and anatomo-patholt^ical 
details — those true foundations of all solid worif in this department. 
Bnt the Vienna School is not open to the reproach of having snc- 
cumbed to these tendencies; and, as far as concerns Dr. Koseuthal'a 
work moi-e particularly, it appears to us to justify, in great part at 
least, its title <jf Clinical Treatise. It ia very certain tliat the mate- 
rials placed before us, as well as the spirit of the work, have been 
derived by the author from a long career devoted to the study of dis- 
ease; the care bestowed upon the symptomatic descriptions ia suffi- 
cient testimony to this fact. It is undoubtedly true tliat the sub- 
ject could hardly have been arranged more harmoniously, nor could 
the pathological descriptions appear in more vivid and striking colors ; 
but it would be difficult to push further, tlian has been done in this 
work, the constant habit of examining questions from all points 
of view. This ia not done by departing from the clinical spirit, 
bnt by appealing to information furnished by experiments upon ani- 
mals, when they are legitimately applicable to man ; or, still further, 
by invoking at each step the revelations of pathological anatomy. We 
need not be surprised that the latter study is an object of special at- 
tention in a work written in Vienna and dedicated by the author to 
Prof. Kokitansky. 



VIU PREFACE. 

The erudition displayed in Dr. Rosenthal's treatise does not recog- 
nize the boundaries of country, though it is but natural that the author 
should chiefly refer to the works of his compatriots. We will find 
in this work, which is not deficient in original observations, a concise 
but complete expos6 of important researches upon various questions 
in nervous pathology byL. Tuerck, Benedikt, Meynert, and other 
authors of the Yienna School. Among works of this character, which 
are, in my opinion, too little known among us, I shall restrict myself 
to calling attention to those which discuss the anatomical lesions of 
the nervous centres in hydrophobia, the lesions of the arteries in cere- 
bral syphilis, and, finally, the observations which have established, 
according to Dr. Voigt, the relations of cutaneous anaesthesia and 
hyperaesthesia with the distribution of the nerves to the integument. 

The study of foreign works upon nervous diseases has led me to 
pay attention to certain studies in comparative pathology, which may 
be applied to the investigation of the changes which morbid types of 
this class experience, according to climate, nationality, race, etc., but 
without losing their autonomy. As a rule, we are only able to point 
out slight shades of difference in a study of this character. But the 
deviation may sometimes be characterized by more or less profound 
modifications, even in adjacent countries and under very similar 
parallels of latitude. 

Thus — in order to mention an example which I have very recently 
had under observation, and which I propose to discuss in detail at some 
future period — the hysterical neurosis in England differs markedly 
from that observed in France in certain symptomatic features. 
Complete hemianaesthesia, among other peculiarities worthy of men- 
tion, and the hystero-epileptic grand mal, which are so common in our 
country, are observed very rarely on the other side of the Channel, 
while permanent contracture of the limbs and other symptoms of this 
character (sometimes called local hysteria by our neighbors) are, on 
the other hand, of frequent occurrence. It does not appear that the 
same remark can apply, in this particular case, to Austria, since the 
clinical history of hysteria in Dr. Kosenthal's work is almost identical 
with that observed in our own midst. In other respects the differ- 
ences of soil are perhaps more strongly marked. Is it on account of 



PREFACE. IX 

local peculiarities that the author is inclined to belittle the impor- 
tance of sexual excesses in the etiology of locomotor ataxia, and to lay 
especial stress upon exposure ; and that he considers the prognosis of 
cerebro-spinal meningitis as relatively favorable, in fact almost be- 
nign, an assertion which cannot fail to cause some surprise among the 
epidemiologists of our country ? 

The portion devoted to treatment is not the least interesting. The 
author has been known to have long paid especial attention to the 
study of medical electricity, and useful indications are found in his 
work, both for diagnosis and treatment, even to the citizens of a 
country which numbers Duchenne, of Boulogne, among its represen- 
tatives. But we should pay especial attention to the rules which are 
laid down for the employment of hydrotherapeutic measures. As it 
is presented to us by Dr. Uosenthal, that is to say, divested of those 
disturbing agents which have roused so much prejudice against it, and 
reduced to simple and always moderate measures, in accordance with 
the doctrines long since advocated in France by L. Fleury, Dr. Luban- 
ski, Sr., and some others, hydrotherapeutics should enter more and 
more into the treatment of chronic diseases of the nervous system, in 
which it must be regarded as one of our most powerful resources. 

I believe that I have shown with sufficient clearness that Dr. 
Rosenthal's work presents itself to our notice with strong claims to our 
esteem. It is called upon to fill a gap in our literature. For although 
original works on diseases of the nervous system have, for the past 
few years, rapidly followed one another in France, we do not, at the 
present time, possess any special work in which the data recently ac- 
quired upon the various subjects which compose this large depart- 
ment of patliology are collected in a didactic form. 

J. M. CHARCOT. 

PABI8, Sept. 15£A, 1877. 
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I HAVE been led to present Dr. Rosenthal's work to the profession 
in this country chiefly for the reason that it is in my judgment the 
best practical treatise on nervoas diseaseB hitlierto published here. 
Since 1870 tlie book has ran through two large editions in Germany 
and Austria, and the French edition of 1S78 haa met with exceedingly 
favorable criticism at the hands of French neuropathologtstfl. Dr. 
Kosenthal's work is emphatically a clinical treatise, and is particularly 
adapted to the wants of the practitioner ; although not by any means 
neglecting the physiological pathology of the subject, especial atten- 
tion has been paid to the more practical departments of symptoma- 
tology and therapeutics. In this respect we desire more particularly 
to call attentioa to the advocacy of hydrotherapeutic measures in 
chronic nervous diseases which has been entered into so enthusiasti- 
cally by the author. Hydropathic treatment appears to be steadily 
gaining ground, both in Fi'ance and Germany, as a valoable thera- 
peutic agent, aud the present treatise does good service in calling 
attention to this agent, since its employment has been almost entirely 
neglected by American physicians. 

Both the German and French editions were published without 
plates. I have introduced a number of woodcuts (copied from vari- 
ous foreign works), and hope that their evident utility will atone for 
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No method of investigation can embrace, in all their exuberance, the 
characteristics of the normal activity of the brain. We can only make con jeo- 
turcB coueerning them, with, the imperfect means of exploration at our 
ooininand. Experimentation seeks to interpret the disorders which are 
produced during life, by artificially destroying the integrity of the brain. 

This interpretation is not always correct and safe, since lesions, which 
nannot possibly be controlled, may complicate and aggravate the results 
of the experiment. We most especially exercise great caution in apply- 
ing the results of experiments on animals to the nigher organization of 
the human brain. 

On the other hand, clinical observation and pathological anatomy also 
furnish data, which are explained by physiology, and thus receive scientific 
endorsement. 

Experimentation upon the brains of mammalia — whose organization is 
so much inferior to that of man — -leave many questions unanswered with 
regard to the human brain. Thus, in disorders of the higher mental fac- 
ulties peculiar to man, and in disturbances of speech, sensibility, and the 
special senses, we must be guided by the large number of pathological 
observations which have been carefully collected, aided by the latest de- 
velopments in histology. It is in this manner that the cnnical study of 
nervous diseases has, during the past few years, been filling up the gaps 
in our physiological knowledge. 

Central lesions are revealed by symptoms in which the observer recog- 
nizes the signs of a disturbance which has occurred in the functions of the 
brain. Here belong the large group of so-called cephalic symptoms, in 
addition to disorders of the different cranial nerves, of motion and sensa- 
tion on the opposite half of the body, and, finally, of the larger portion of 
the organic functions. 

The series of cerebral symptoms peculiar to diseases of the brain or its 
meninges, generally begins with cephalalgia. This may gradually increase, 
may be diSuae or circumscribed, as in febrile processes, or may assume 
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the ch&racter of a fixed, intermitteDt, or only remittent pain, as in tumors. 
The cephalalgia is often accompanied by vertigo, roaring in the ears, pho- 
tophobia, nausea, and vomiting. Consciousness is only blunted in slight 
ises, but, in severe cases, it is entirely lost. 

The intellectual faculties are involved in a variable manner, in different 
iseaaes of thebrain. All stages of disordered intelligence are observed, 
from simple excitement, incoherence, lialluoinatiotis and melancholia, to a 
condition of mania or low forms of apathy, idiocy, and imbecility. 

The faculty of language is often affected in cerebral diseases. The 
disorders of speech may have a motor origin, as when the lesion involves 
the fibres of the roots of the hypoglossal nerves (in diaeaaea of the pons 
varolii; it is then called alalia or anarthia by Leydeu), or when it occurs 
in the course of the ascending fibres, as in localized lesions near the cen- 
tral ganglia. In other oases, language is involved, with preservation of 
the movements of the tongue, and of iuteUigence, as in aphasia. This oo- 
curs in cerebral embolism, eepeciaUy when the superficial or deep anatom- 
ical lesions exist in the central organ of articulate speech — in the island 
of Reil and the parts which connect this with the frontal lobe, and with 
the central and parietal convolutions. 

Disorders of special sense must also be placed in this category, and 
they constitute, in central lesions, complications of equal frequency and 
importance. In the first rank, we must mention changes in the eye which, 
in cerebral embolism, and especially in tumors of the brain, may be deter- 
mined by ophthalmoscopic examination, and furnish a firm foundation for 
diagnosis. The changes in the retina due to optic neuritis, cause impair- 
ment of sight famblyopia) or total loss of vision (amaurosis). We shall 
discuss this subject, at full length, under the head of cerebral tumors. 
Hearing, smell, and taste are affected in chronic inflammations and in le- 
sions of certain parts of the brain (especially of the base of the brain, the 
pons, the cerebellum and peduncles). 

Irritation of the motor functions is manifested by stiffness or spasms 
in the muscles of the face or limbs, and, in more serious conditions, by 
tonic, clonic or choreiform convulsions (with disorders of co-ordination), or 
even by tremor of a limb or one half the body. Contractures, general 
convulsions, and all the baleful symptoms of an epileptiform attack are not 
unfrequently manifested. The characteristic group of cerebral paralyses 
are less often produced by hypertemia or anaemia of certain regions, than 
by localized lesions of a chronic character (haemorrhage, encephalitis and 
its consequences, sclerosis, tumors, &c.). Sometimes primary lesions of tho 
tissues may occur, causing destruction of the site of motor impulses and 
of their paths of transmission; sometimes secondary lesions occur in the 
same situation, from diseases of the cranial bones or cerebral meninges, 
from the growth of tumors, from chronic hydrocephalus, and from anremia 
due to arterial embolism, all of which causes may give rise to paralyses. 

The hemiplegic type of paralysis upon the side opposite to the cerebral 
lesion, is due to disease of the motor ganglia (corpus striatum and lentic- 
ular nucleus), or to localized lesions of the cerebral lobes, involving tho 
peduncles and pons varolii. The paralysis of one half the body generally 
attacks the muscles of the limbs, especially the extensors, and often with 
contracture of their antagonists. When hemiplegia occurs upon the same 
side as the cerebral lesion, a foyer is usually found in the motor ganglia 
of the opposite side, with alteration in the cerebral lobes of this side, and 
softening or ledema in the parenchyma of the other hemisphere. The 
muscles upon the paralyzed side generally undergo no noteworthy ohango 
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with regard to electrical sensibility. At tbe onset of paralysis from cere- 
bral inflammation or apoplexy, the farado-muacular reactions and the gal- 
vanic excitability of the nerves, may be increased. Cerebral hemiplegia 
IB nearly always accompanied by paralyses of tbe cranial nerves, wboaa 
varied characteristics may offer valuable indications as to the situation ol 
the cerebral lesion. If the lesion la situated inthe system of fibres between 
the cerebral ganglia and the lower nuclei of the gray centre (Himstamm), 
and in the motor ganglia, paralysis of that portion of the fibres of the 
facial nerve which passes through the foot of the cerebral peduncle, will 
occur upon the same side as the hemiplegia, and the paralysis will therefore 
only involve the inferior or respiratory muscles of the face. In foyers of 
hasmorrhage or encephalitis, tho paresis of the ocular muscles is accom- 
panied by deviation of the eyeball, with rotation of the head to the side 
opposite the hemiplegia. In isolated lesions of the cerebral peduncle, in- 
complete paralysis of the oculo-motor nerve occurs upon the same side, 
that is, upon the side opposite to the hemiplegia, with incomplete paralysis 
of the face and tongue. In lesions of the pons, alternate hemiplegia is 
almost always produced, that is to say, facial paralysis upon one side, and 
paralysis of the limbs on the opposite side. According to Brown-S6quard, 
when the lesion is situated above the decussation of the fibres of the facial, 
the facial paralysis is observed upon the same side as the hemiplegia. It 
is alternate, on the other hand, when the lesion is situated below the de- 
cussation. As we shall demonstrate at a later period, in the chapter on 
tumors of the pons, it is more reasonable to believe that a lesion, situated 
above the nucleus which gives rise to decussation of the facials, will pro- 
duce alternate facial paralysis; that the compression of the roots of the 
facial will cause its appearance on the same side; and that, hnally, lesion 
of the inferior facial nucleus will produce incomplete facial paralysis on 
the opposite side. Alternate facial paralysis is generally complete, and, as 
in peripheral facial hemiplegias, the faradic contractibility of the muscles 
and nerves is abolished, the gaivano-muscular contractility is increased, 
and the galvanic reaction of the nerves is diminished or lost. Lesions of 
the pons may also give rise to paralysis of motion and sensation in the 
domain of the trigeminal nerve, and to paralysis of the muscles of the eye 
and tongue, and of the acoustic and optic nerves. Cerebral paraplegias 
usually result from the coexistence of two distinct hemiplegias, and are 
caused by symmetrical foci of disease in the ganglia or in the cerebral pe- 
duncles, by circumscribed lesions in the median portion of the pons, by 
aneurisms at the base, or by more extended processes in the pons and me- 
dulla oblongata. The association of these paraplegias with multiple par- 
alyses of the cranial nerves, is a characteristic symptom. Disturbances of 
co-ordination, of an ataxic character, are found in diseases of the pons and 
cerebellum. 

The sensory disturbances, which are at first produced by cerebral dis- 
eases, consist of vague pains, formication or a sense of heaviness in the 
limbs upon the affected side, trigeminal neuralgia (especially in tumors), 
and increased reflex excitability. At a more advanced stage, more or lesa 
severe disturbances are produced in hicmorrhage, softening or tumors (upon 
the side opposite to the lesion), from interruption in the conducting paths 
of sensation. The central termination of the latter is situated in the 
medullary substance, behind the lenticular nucleus, as far as the occipital 
lobe, the histological demonstration of which statement we shall adduce in 
the article on cerebral apoplexy. Alterations of eensibility also occui 
when the lesion involves the intermediate points of the route followed bj 
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the sensory impressions, in the external portion of the foot of the oerebra! 
peduncle and in the pons varolii and medulla oblongata. In tumors ot 
the pons, sensory disorders (crossed with regard to the motor paralysis) 
often occur. 

This topography of lesions of sensibility must, in the future, be carefully 
examined and verified by histology, in a large number of cerebral diseases. 
These investigations are of greater utility in human pathology than exper- 
iments made upon animals (like those lately begun by Veyssi^re, Arch, de 
Physiol., 1874), which are always less exact and trustworthy. 

Among the remote complications of cerebral diseases, we may mentior 
strabismus, irritative contraction of the pupils, their final dilatation, their 
insensibility, and disorders in the functions of the heart and in the respi- 
ratory movements. From the united results of experimentation and pa- 
thology, it appears that increase of the cerebral compression at first causes 
slowness and then excessive acceleration of the pulse (at first, irritation, 
then paralysis of the origin of the pneumogastrioa). The respiratory 
changes also depend on increase of the cerebral pressure. It is, at first, 
frequent and irregular, and, when coma develops, it becomes slow and 

This review of the symptomatology of cerebral diseases may bo ter- 
minated by a few remarks on vaso-motor disorders, and trophic lesions. 
Acute diseases of the brain (meningitis, encephalitis, apoplexy), are rec- 
ognized, in genera], by early rise of temperature. Maintenance of the 
temperature at a considerable elevation (41° C. and even 43° C. in menin- 
gitis) or rapid elevation after it has been lowered for a short time (as 
Bourneville has observed in apoplexy) are usually indicative of a fatal ter- 
mination. The temperature is lowered in old hemiplegias, in whi<;h con- 
tinuous retardation of the circulation and passive hyperiemia are present. 

Among the trophic disturbances we may mention bed-sores (aoute de- 
cubitus) occurring upon the paralyzed side, in the first few days after an 
attack of apoplexy, or other cerebral disorders and artliropathips of the 
lower or upper iimbs in hemiplegias of an apoplectic origin. The altera- 
tions of nutrition in the muscles maybe absent or insignificant in cerebnd 
paralyses which have lasted several years, since the trophic centres of the 
muscles have not been positively located in the brain, Charcot has ob- 
served a case of progressive muscular atrophy (with loss of electrical con- 
tractility) in a left apoplectic hemiplegia, in which the limbs had been 
oontraotured at the beginning. At the autopsy, descending sclerosis was 
found in the left lateral column of the cord, and extending to the cor- 
responding anterior gray horn, with spots of atrophy of the nerve cells. 
The shghtest pressure upon the skin of the paralyzed limbs sufficed to pro- 
voke an eruption of bullse, which were promptly transformed into eschars. 

Various pathological conditions may cause the spinal cord to partici- 
pate in cerebral diseases, thus effacing the lines of demarcation which are 
theoretically drawn between the nervous centres. In several forms of ba- 
silar meningitis, tubercular products may develop upon the meninges of 
the brain and cord, or inflaramatflry exudations and pus may pass throu^ 
the foramen magnum from the brain to the cord, as in cerebro-spinal men- 
ingitis. In multiple sclerosis of the nerve centres, the brain, medulla ob- 
longata, and spinal cord undergo a fibrillary transformation in places. 
The peri-encephalitis or, according to others, the chronic interstitial le- 
sions of progressive general paralysis are often complicated by gray de- 
generation of the cord. 

Not infrequently, morbid foci in tha brain are the starting-point of 
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secondnry leeions of nutrition iu the paths of tranamissioa in the spinal 
cord. As Tuerck has first shown, foyers of apoplexy in the cerebral gan- 
glia and their vicinity may lead to atrophic degeneration of the antero-lat- 
eral columns. The severe sensory disturbances which are found in hemi- 
plegie limbs (as in apoplexy) are due to anatomical changes in the corre- 
sponding organs of conduction, from the medullary layer of the cerebral 
ganglia to the fibres of the posterior spinal columns. Compression of the 
medulla oblongata by tumors of the pons or cerebellum, and this second- 
ary degeneration of the spinal paths in case of tumor, may give rise to 
paraplegia and disorders of sensation. This phenomenon is much more 
infrequent in syphilis of the brain or cord. Finally, double cerebral em- 
boli and thrombosis of the vessels of the pons, which, according to Duret, 
are supplied by the trunk of the basilar artery, may induce paralysis of 
all the limbs. 

The diagnosis of cerebral diseases has made considerable progress of 
late years, thanks to important achievements in physiology, clinical obser- 
vation and pathological anatomy. The more critical investigation of the 
symptoms of localized lesions, the more rational grouping of those phe- 
nomena which indicate the situation of the lesion; the more complete 
study, especially of hemiplegias, of their relations with paralysis of the 
cranial nerves, of the disturbances of the psychical faculties and special 
senses, of early retinal lesions (recognizable with the ophthalmoscope), of 
characteristic disturbances of speech, of anomalies of reflex sensibility 
and of the sensibility to the electric current— these facts have contributed 
a great deal towards clearing up certain obscure symptoms, and towards 
bringing symptoms of extremely variable character into relation with 
their real point of origin. 

The clinical study of tumors, encephalitis, cerebral embolism, cerebro- 
spinal sclerosis, etc., has only been attended with successful results in the 
last few years. We hope that the difficulties which still encompass the 
localization of symptoms, on account of the multiplicity of the diseased 
processes, may be gradually cleared up by a more profound study of the 
cerebral functions in health and disease, and by the combined efforts of 
experimentation and clinical observation. 
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GLASS I. 
DISEASES OF THE MENINGES AND PARENCHYMA OF THE BRAIN 



L— DISEASES OF THE CEREBRAL MENINGES. 



CHAPTER I. 

Fkom their position and relations, the membranes enveloping the brain 
are frequently eubjeat to disease. They may participate in lesions of the 
cranial vault and they axe also frequently the starting-point of diseased 
processes. 

A. — Diseases of the Ddba Matek. 

Hypereemia of the dura mater, accompanying congestion of the subja- 
cent tnembranes, offers merely an anatomical interest. We need only 
consider, from aclinlcal standpoint, inflammations of the dura mater, viz., 
perimeningitis or pachymeningitis. Following Virchow, we recognize 
two forms of inflammation, that of the external surface and that of the 
internal surface of the dura mater. The two surfaces are sometimes 
simultaneously involved. 



a, ExUmal Pachymeningitis. 

Inflammation of the external layer of the dura mater usually follows 

traumatic lesions of the skull-cap, diseases of the bones, caries and sup- 
puration of the vertebric and neighboring ligaments. 

The anatomical lesions, in acute and slight cases, are characterized 
by the development of vascular rosettes upon the external surface of the 
membrane, which is red, softened and covered with fine layers of exuda- 
tion. In the more serious cases, ecchymoses are found in the dura mater 
which is also thickened by exudation or infiltrated with pus, and friable. 

The superficial portions of the dura mater, especially those which are 
bare (as under an opening made by a trephine), readily suppurate and fur- 
nish abundant granulations projecting across the loss of substance. In 
serious affections of the bocies, as in caries, the pus accumulates 
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md dura mater, detaching tbe latter little by little ajid 
threatening the bone with necrosis. The inflammution may also extend 
to the sinuses; their walla become thickeaed, their inner surface reddened, 
and a purulent or ichorous thrombus is found within the aiuus. All these 
lesions may be limited to the dura mater, but if tbey extend deeper, 
genera! meningitis will result. 

In the chronic forms of external pachjmeningiiia, the dura mater be- 
comes considerably thickened, is adherent to the skull, and the new-formed 
false membranes are transformed into osseous lamella;. 



PathogeneaU. 

External pachymeningitis is rarely produced by ayphilitio or rheuma- 
tic affections of the pericranium or by erysipelas of the scalp. It more 
frequently follows thrombosis with suppuration of the sinuses iDf the dura 
mater, but especially of the transverse and petrous sinuses. In insanity, 
Foerster has found the dura mater thickened, of a cartilaginous consist- 
ence, anffimic and sometimes pigmented. More frequently, the process 
is secondary to injuries to the skull, either with or without fracture, 
and to caries of the internal ear, of the cribriform plate of tbe ethmoid, 
or of the first oervical vertebrae. 



Symptoms and Course. 

not always sufficiently clear to permit a diagnosis 

1, nevertheless, etiological conditions, such as trau- 

and caries of the upper cervical vertebne, by means 

jdition when symptoms of inflammation 

I, vomiting, 

everthelesa, 

id cicatrices 

of the SI 



The symptoms are 
during life. There ar 
matism, internal otitis, 
of which we may diagi 

appear. Intense and circumscribed cephalalgia, vertigo, 
and slight convulsions are the first symptoms. Recovery is, 
possible, as is proved by the fact that partial thickenings 
are found in the dura mater. 

Increase of the headache in extent and intensity, and al: 
nolence, inmiobility of the face, of the inequality of the pupils and of the 
acceleration of the pulse, testify to the increase of the process. The 
final slowing of the pulse, coma, irregular chills and paralyses are of evil 
augury and indicate suppuration and compression of the brain. 



Treatment. 



At the first signs of inl1ammati< 
powerful antiphlogistic measures an 
head and neck, application of leechi 
erful derivations to the intestines a 

luted fractures with compression, trepanning 



1, absolute rest, restricted diet, and 
indicated. Cold compresses to the 
to tbe mastoid processes, and pow- 
1 the most efficient means. In com- 
rding to the 



individual case, be promptly followed by relief. When the disease is due 
to an internal otitis with otorrhcea, we may employ tepid injections, cata- 
plasms, local bleedings and narcotics, but the latter must be only used 
when there are no symptoms of cerebral compression. 
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b, Jhternal Pachymeningitis, 

This process and its sequences were not unknown to our predecessors 
(Baillarger, Pons, Oesterleo, etc.). Tie pathogenic relations of the san- 
guinolent effusions and false membranes found between the dura mater 
and arachnoid, were often wrongly interpreted, and Virchow first thor- 
oughly recognized their anatomical oharaoter (Wuerz. Verb., Bd. VII., 
1857). 

Pathological Anatomy. 

The internal surface of the dura mater is covered with a yellowish 
exudation, and strewn with ecchymoses; or a thin layer of dense fibrin is 
present which, with care, may be separated from the underlying' membrane. 
At a later period, a very thin fibrous membrane, abundantly supplied with 
capillaries, forms at these spots, either on one or both sides of the brain, 
and especially at the convexity. In consequence of the duration and ex- 
tent of the inflammation, numerous layers (10-20) are superimposed upon 
the false membrane. Delicate blood-vessels develop in large-meshed plex- 
uses, which often rupture and give rise to hiemorrhages either between 
the layers of false membrane or between the latter and the dura mater 
(hiemorrhagio pachymeningitis of Virchow). These hjemorrhages, which 
vary in volume, being more profuse at the centre and thinning off at ths 
edges, are united into circumscribed foyers (simple or circumscribed) which 
adhere more or less firmly to the adjacent dura mater and arachnoid, and 
constitute Virchow's hematoma of the dura mater. These rounded 
cysts contain blood or serous fluid in varying proportions, and are found 
especially at the convexity of the hemispheres; more frequently in the 
anterior and middle regions than posteriorly, and sometimes in the cere- 
bral fossce. The hematoma occupies either one or both sides, and causes 
cerebral compression. This prolonged compression leads to partial atro- 
phy, softening and discoloration of the cortex, with thickening of tho 
meninges, 

Pkiology. 

Pachymeningitis is nearly always chronic and is usually found in old 
age. The male sex is more predisposed to its development than the fe- 
male. Kremiansky (Virch. Arohiv, B. XLII. pp. 129-321, 1868) and Neu- 
mann have shown, by experiments on dogs, that pachymeningitis may be 
firoduced artificially by chronic alcohol poisoning, in consequence of pro- 
onged congestion and dilatation of the arteries. In man, also, chronio 
alcoholism furnishes the majority of cases of spontaneous pachymeningitis, 
and, according to Kremiansky, the process ia usually situated at the 

Injuries to the dura mater, caries and degenerations of neighboring 
parts are also causes of aecondaiy pachymeningitis. It may complicate re- 
current fever (Kremiansky), typhoid and typhus fevers, pleuro-pneumonia 
(especially during pregnancy), acute articular rheumatism, febrile exanthe- 
mata and puerperal diseases. It also occurs in the last stages of chronic 
BS, such as tuberculosis, organic cardiac affections, diseases of tho 
heart, diseases of the brain in the infant, and general paralysis of tho 
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Symptoms and Course. 



The initial aymptoms of the aoute inflammatorr period usually simulata 
meninffitls. The aymptoms are; periodical headacne limited to one side, 
like migraine, and gradually reaching an extreme intensity; weakness of 
memory, apathy, somnolenoe, delirium, slow pulse, complete anorexia, 
oonstipatioD with considerable meteorism, and at) instinctive tendency to 
clasp the hand to the affected aide of the head. 

In the cAronio forms, which may last weeks and months, the symp- 
toms begin slowly and are interrupted by remissions which may readily 
lead to error. Dull headache, weakness of the intellectual faculties, fee- 
bleness of the limbs, uusteady gait, imperfect and incoherent speech, and 
visible change in nutrition, prove the latent progress of an encephalic in- 
flammation. 

Kecovery is possible, both in the acute and chronic stages, especially 
when the collection of fluid is of a serous nature. This fact has been de- 
monstrated by a targe number of positive clinical observations, as well as 
by autopsies, in which lesions of pachymeningitis were accidentally found 
several years after recovery therefrom, and when death had followed some 
other acute disease. In a case of Cruveilhier, the recovery was complete, 
and also in Goschier's patient (Allg, Wien. med. Zeit., N. 647, 18(i5), who 
died sLic years later of tubercular peritonitis with ascites and eclamptic at- 
tacks. The huematoma often becomes encysted (hygroma of the dura 
mater, of Virchow) or its contents undergo calcification (Rokitansky and 
Foerster). 

When the disease takes a favorable turn, the symptoms of cerebral 
irritation subside, the mental faculties revive, and, little by little, re- 
covery takes place. At other times, life is preserved, hut the patient re- 
mains imbecile (Schuberg's case). The fatal termination is heralded by 
the progressive failure of the mental faculties and physical forces, loss of 
consciousneaa, and difficulty of deglutition and respiration. At other times, 
an apoplectic seizure occurs towards the last, and convulsions or partial 
contractures may precede the attack of paralysis. The gradual advance, 
and slight improvement followed by sudden relapses, are characteristic of 
hfemorrhages in the hfematoma. According to Pons, chronic internal 
pachymeningitis begins with headache, difficulty of speech, absence of 
"stilted ideas," and with development of the symptoms of general paraly- 
sis of the insane upon one side of the body. The treatment in the acuta 
variety must be chiefly antiphlogistic and derivative. In chronic cases 
we must endeavor to produce absorption and build up the general condi- 

In severe apoplectiform seizures, the treatment is the same as in cere- 
bral haemorrhages, of which we shall speak later. 

c, Iriflammatton and Thrombosis oftlie Sinuses of the Dura MiUer. 

The venous reservoirs known as sinuses, which receive blood from the 
meninges, the veins of the brain, the diplofi of the cranial bones, and, in 
part, from the organs of special sense, are frequently exposed to disease. 

Pathological Anatomy. 

Inflammation of the sinuses is rarely primary, but more frequently fol- 
lows lesioDs of the skull, and presents the symptoms and course of aappa- 
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rative or adhesive phlebitis. Usually the inflammation of the sinus, after 
bony suppuration, occurs from infiltration of its wall with puB, giving rise to 
□eorosis, A purulent exudation fills the cavity of the sinus and causes tho 
formation of obstructing clots and tbromboaeB in the corresponding veins. 
Inflammation of the transverse sinus may arise from inflammation of 
the cells of the mastoid process (Troeltsch); or from a perforation of the 
sinus with fatal extravasation within the skull and hwmorrha^e through 
the external auditory meatus (Wreden). Phlebitis of the superior petrous 
sinus may give rise to the passage of pus into the vein of the mastoid 
petrous canal, followed by pachymeningitis and abscess of the brain 
(Troeltsch), and suppuration of the sinus may cause the formation of de- 
posits at the base, between the arachnoid and pia mater, and be propaga- 
ted thence to the jugular vein (Lebert). In a case of this kind recently ob- 
served, the brain was discolored and softened at the base, the dura mater 
adherent, and the sinuses enclosed in a pigmented cellular tissue, with de- 
struction of the auditory bones. In Stokes's case (osteitis of the mastoid 
process and internal otitis) phlebitis of the petrous and cavernous sinuses 
was found, with basilar meningitis and softening of the superficial parts 
of the anterior and inferior portions of the right cerebellar hemisphere. 
Extension of thrombosis of the superior longitudinal sinus may cause in- 
flammation of the veins of the pia mater at the convexity of the brain, and 
often gives rise to cerebral hiemorrhage (Rokitansky), 

Etiology. 

The most frequent causes of phlebitis of the sinuses are inflammations 
and purulent deposits within the osseous portions of the ear. Among forty 
oases of phlebitis collected by Lebert, there were nine of suppuration of tho 
sinuses. In five cases, the disease of the sinus started from an internal otitis 
with caries of the temporal bone. But cases are known in which, without 
disease of the bones or of the cavity of the tympanum, the sinuses have 
become diseased from the proximity to other organs. An inflammation may 
be propagated by contiguity to the dura mater through the agency of the 
numerous canals in the temporal bone. 

Inflammation of the sinuses is observed in injuries to the skull, when 
the dura mater has been contused in the neighborhood of the vascular 
canals, when it has been lacerated, or when splinters of bone have torn the 
sinuses. Spontaneous inflammation of the sinuses, with suppuration and 
pyemia, have been observed in the puerperal state by Castelnau and 
Ducrest, and by Foerster, In erysipelas or anthrax of the face, the puru- 
lent infiltration of the cellular tissue of the cheek, as I have seen in one case, 
may be propagated, by the inflammation of the facial veins and ophthalmic 
vein, to tho transverse and cavernous si-nuses. Cachectic thromboses of the 
flinuses (especially the longitudinal and transverse sinuses) are met with in 
old age, in chronic cachexiBB, and in cholera infantum. In insanity, c" 
of the sinuses may develop, and, according to Guentz, it originates 
^L in the general condition or in the local cerebral lesions. 

I ^ 



I 



\ 



Symptoms and Course. 

The symptoms present a typhoid character. The patients complain of 
'Intermittent headache; the temporal region ol the affected side is painful, 
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either spontaneoualy or on pressure; in otitis iDterna there are painfoi 
throbbing Bensations ia the deepof portions of the ear, diatresBin^ buzzing, 
otorrhosa (the dischax^e being often mixed with blood), and enfeebled hear- 
ing; sometimes an abscess forms iit the mastoid process. In two cases of 
inflammation of the sinuses, Lebert saw, in the one, an abscess form within 
the orbit, with violent periorbital pain, and almost continuous corrugation 
in the frontal and palpebral regions; in the other case, an ulcerated keratitis, 
like that following section of the trigeminal nerve, occurred on the affected 
side. At a more advanced stage, the patients are seized with high fever, 
delirium or drowsiness, with vomiting, muscular tremor, partial convul- 
sions, and subaultustendinum. Despite the existence of these typhoid symp- 
toms, the characteristic signs of typhoid fever, according to Leberl, are 
absent. Although well-marked stupor is present, we can rouse the patient 
and obtain correct responses. The evident loss of hearing, the discharge 
from the ear, the disease of the tympanum, and the other symptoms which 
we have mentioned, permit a diagnosis during life. 

When the disease advances, an intense delirium alternates with the 
coma. Convulsions supervene with hemiplegia, inequality of the pupils 
(which are at first contracted, then dilated), and dysphagia. Finally, the 
fever and loss of consciousness increase, and then give place to chills and 
fatal collapse. When internal otitis exists, and convulsions and paralyse* 
indicate serious cerebral disease, recovery is very rare. Some instances, 
however, have beeu published by Wilde, LaDetnand, Canscatt, and Grie- 
singer. The fatal termination is usually due to our inability to relieve the 
cerebral organs from the effects of the bony lesion and from the contact 
with pus. 

Thrombosis of the sinuses frequently accompanies cerebral affections 
vrhich are consecutive to diseases of the middle ear. In addition to con- 
vulsions and the symptoms of a localized lesion (facial paralysis, paralysis 
of ocular muscles, ptosis), the characteristic phenomena are those of a 
localized arrest of circulation within the skull, viz.: circumscribed cya- 
nosis, and partial dilatation of the veins, of acute origin. In thrombosis of 
the transverse sinus (which occurs with the greatest frequency), when 
the process extends to the mastoid process through the posterior auricular 
veins, we sometimes observe, according to Griesinger (Archiv f. Heilk., 
1863), as important diagnostic signs, a painful circumscribed oedema be- 
hind the ear, and a limited plilcgmasia alba doleus. In inHammatioQ of the 
oavernous sinus and thrombosis of the ophthalmic and facial veins, we 
find venous congestion of the fundus of the eye, eochymoses of the con- 
junctiva, projection of the eyeball forwards, oedema of the eyelids and 
orbital region, or pseu do -erysipelas of the integument of the face. Change 
or disappearance of these symptoms of compression and of the arrest of 
circulation characterize thrombosis, according to Wreden, while their per- 
sistence appertains more to phlebitis. Accordingto Gerhardt and Hugae- 
nin, the external jugular vein of the affected side is often less full than the 
other, in the cachectic thrombosis of the sinuses in children. In many 
cases, however, this symptom is absent, especially when the vascular ca- 
nals are obstructed on the two sides, or when the flow of blood through the 
jugulars occurs in diminished quantity, but regularly. According to 
Wreden (Petersb. Zsch., Bd. XVIII.), who has collected 151 cases of dis- 
eases of the sinuses, the clinical symptoms accord with the experimental 
results obtained by Panum, Billroth, and O. Weber, and permit a di£er- 
entiation between thrombosis and phlebitis of the sinuses. 

In thrombosis (with intact condition of the wall of the sinus and 
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tendency of the thrombus to become organized, or to break up anrl be- 
come removed) fever is wanting; there is considerable stasia in the affer- 
ent vessels; hiemorrhages are frequent; inflammation of the brain and 
meninges is rare, and pytemia does not occur. Phlebitis of the sinuses, 
on the other hind (with purulent infiltration of its walls and tendency to 
nloeration and perforation), ia accompanied by high fever; there are few 
eymptoms of stasia; the inflammation often extends to the brain and raen- 
ing«s; metastatic abscesses are common, and the disease usually assumes 
the character of septicsemia or pyaemia. 

Thrombosis of the transverse sinus, following diseases of the ear, is often 
followed by recovery, which is confirmed by the early development of col- 
lateral circulation (Griesinger, loc. cit.). Nevertheless, the majority of 
oases terminate in capillary hsraorrhagea or meningitis. In cacheotio 
thrombosis of the sinuses, the prognosis is absolutely fatal. 



I 
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In thrombosis of the sinuses connected with internal otitis, we must 
prescribe absolute rest from the beginning, antiphlogistic measures, and 
intestinal derivatives. The otorrhosa should be treated with lukewarm in- 

{'ectioDS, and, when the opportunity is favorable, the mastoid process sboidd 
le trephined. We must avoid, especially in children, the use of opiates and 
bleeding. In the first stages of the diseases, stimulants may, perhaps, bp 
indicated. 

d. N'ew Growths of (he IDura Mater. 

Epithelial tumors, growths of varying consistence following chronic 
pachymeningitis, and the psammoma and osteoma of Virchow, possess 
merely an anatomo-pathological interest, Syphilomata of the dura mater 
(Wagner) usually accompany gummata of the pericranium, or analogous 
lesions in the cerebral substance or in the nerves. Cancer, which devel- 
ops very readily in the dura mater, may be recognized in some cases dur- 

I have seen, in tJIricti'a snrgioal aervloa. a womnn. aged TO yooia, operated upon for 
Oanoer of the left breast. Nine months afterwards she began to suffer from intense 
patn in tlie hetul., Tertijjo, a aensatioa of oompressioa of the (skull, with hypeiEesthesla 
of the scalp. In the absence of til symptumaof irtitatioD orpnralysiB, carcinoma of tho 
dur» mnter and skull were auspeoted. The patient died two months later with icterus 
and delirium. At the autopHy, tbe left side of the skull was found thiokened , ploughed 
by channels and inSltrated with an encephsJoid aubatance. At the height of t)ie supe- 
rior longitudiaal sinus, the dura mater was thickened and strewn with tnmoia, from 
which oozed on opaque fluid. Similar tnmora existed on the inner sacfoce of the middle 
oetebro! foeso. 

B. — Diseases of the Abachnoiii. 

Opacity and thickening of the arachnoid from repeated congestions 
are usually met with in old age. In a large number of autopsies made in 
Vienna upon suicides, considerable hypertrophy of the arachnoid and ad- 
jacent meninges was noted. The subjects, who belonged to the intelligent 
classes of society, had been afflicted during life with frequent cerebral 
congestions, periodical and intractable insomnia, melancholia, fixed ideas, 
L And distrust. 
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Inflammation of the arachnoid, or arachnitis, is only revealed apon 
autopsy, by thickening and by tlie presence of false membranes or osseous 
plates upon the arachnoid and by its adherooce to the dura mater. L. Meyer 
(Virchow, Archiv, 17. Bd., p. 309) has found epithelial products on the su- 
perior surface of thn arachnoid, in cases of chronic cerebral irritation. 
Sometimes the Pacchionian bodies are transformed into connective -tissue 
produots, stretching along the ta\x cerebri and even into the depressions 
on the inner surface of the akiiLL These are also the results of repeated 
bypertemia and inflammatory exacerbations occurring in drinkers, epilep- 
tics, and in insane patients who are subject to attacks of excitement. 
Diffuse parietal arachnitis is observed in caries of the internal ear. 

Arachnitis is always accompanied by meningitis, so that it is impossible 
to distinguish the two affections clinically. 

Haeinorrhages into the cavity of the arachnoid are caused chiefly by 
esudations and inflammatory new formations of the dura mater. In many 
oases, however, meningeal hemorrhages may be produced independently 
of pre-existing false membranes. In new-born babes and infants, hieroor- 
rhages of the pia mater or brain cause imbibition of the arachnoid with 
blood. 

New growths {tubercle, cancer, syphiloma) do not originate upon the 
arachnoid, but start from the pia mater or dura mater. 

C. — DlSKASES OF THE PlA MaTEB. 

Congestion of the pia mater, which usually accompanies cerebral con- 
gestion, is found in acute forms of insanity and in many diseases of child- 
nood, especially the exanthemata. They may prove fatal when they give 
rise to an effusion of serum into the subarachnoid space or to a hemorrhage 
in the pia mater. Repeated hyperemia causes thickening of the pia mater 
and arachnoid, and cedema and hypertrophy of the Pacchionian bodies. In 
old age, thickening and pigmentation of the pia mater with adhesions of 
its foTdaare frequently observed as consequences of previous hsemorrhages. 

Injlammations of the pia mater {the meningitides) are of much greater 
clinical importance. The usual classification depends upon the character 
of the exudation and upon its chief situation. According to Rokitansky, 
purulent pseudo- membranous meningitis may attack different portions of 
the brain, but especially involves the convexity of the hemispheres; on the 
other hand, tubercular meningitis is limited to the base. But this distinc- 
tion cannot be rigorously maintained. Tubercular meningitis sometimes 
extends to the Sylvian fissure and to the convexity of the hemispheres. 
On the other hand, severe meningitis of long duration may extend from 
the convexity to the base and even to the pons varolii and cerebellum. The 
different forms of exudation may also be combined in varying proportions. 

From a clinical standpoint, it is advisable to distinguish three forms 
of cerebral meningitis. They are, 1, simple primary meningitis; 2, men- 
ingitis involving chiefly the base of the brain; 3, an epidemic form, in 
wniah the exudation is general and extends into the spinal canaL 

1. SiMPLB MBWTNaiTIS, 

Pathological Anatomy and .Experitnerital Investigations. 
In the acute form, the pia mater is strongly injected and infiltrated 
with a purulent exudation, especially upon the convexity of the hemi- 
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Fpherea towards their internal portions, In other cases, the inflammation 
is limited to the anterior lobes, to the fissure of Sylvius or to the median 

The exudation is yellowish and thick, formed of pus globules and finely 
granular fibrin, and fills the subarachnoid space (according to Klob, the 
ptis is furnished by the epithelium of the lower surface of the arachnoid). 
The exudation is often especially abundant along the vessels. In the 
severer cases, the inflammatory products follow the fissures to the base, 
and extend both anteriorly and posteriorly. According to Bednar, the 
cerebellar pia mater may be affected in very young infants. 

The arachnoid is frequently opaque and covered with pus. The cor- 
tical substance is usually softened, discolored, infiltrated with pus. It is 
very frequently strewn with capillary hemorrhages, and adheres so closely 
to the exudations which have formed upon the inner surface of the pia 
mater that it is often impossible to detach them without tearing the brain. 

In the chronic menivgitis of idiocy, general progressive paralysis, epi- 
lepsy and syphilis, we find thickening and fibrous changes in the arachnoid 
and pia mater, and adhesions in spots to the reddened cortex. According to 
L. Meyer (Centralb. f. d. med. Wiss., No. 8 and 9, 1867), progressive paraly- 
618 is characterized by the abundance of new-formed vessels in these mem> 
branea, and by endogenous proliferation of the nuclei of the medullary sub- 
stance. According to Westphal, these lesions are also found in the men- 
inges and substance of the spinal cord. When the inflammatory process 
is chronic, it causes atrophy of the cortical substance, and sometimes of 
the entire brain, the ventricles being dilated and filled with serum. 

Foerster has seen cheesy degeneration of the exudation within the 
sulci and the formation of a cyst-wall of connective tissue. 

The experimental data recently obtained, concerning the symptoms of 
increase of cerebral compression, should be taken into consideration in the 
discussion of the pathology of the meninges. According to the mano- 
metric researches of Leyden upon trephined animals (Virch. Archiv, Bd. 
57, p. 519), and the experiments of Pagenstecher {Heidelberg, 1871) 
and of Jolly (Wuerzburg, 1871), upon cerebral compression, we should 
especially take into consideration the degree of pressure which the brain 
undergoes, and which ia proportionate to the quantity of the injected mat- . 
ter which produces the compression. Although the experiments on ani- 
mals do not furnish the diversity of symptoms observed in man, they are 
none the less instructive. Pain first appears and is manifested by groans 
and cries. Loss of consciousness is shown by stupor, somnolence, and 
complete coma; the spasms indicate irritation of motor portions. 

Spasm of ocular muscles, inequality, and, in severe cases, dilatation of 
the pupils are observed. Increase of cerebral pressure first produces 
slowness, and then great acceleration of the pulse (irritation andparalysis 
of the vagus, Leyden), 'Respiration is also affected; it is at first irregu- 
lar and more frequent, and later, especially in coma, it becomes slow and 
profound. In severe cases, the temperature is lowered until death. Clin- 
ical observation is in perfect accord with these results of experimentation 

animals. 



Etiology. 



\ 

^^ Simple primary meningitis (leptomeningitis or meningitis of the con- 

^1 vexity) is not a frequent affection, if we exclude the epidemic exacerba- 
^K tions of certain years. It may occur at all ages, but, according to Bier- 



banm (Did Meningitis simplei, Leipzig, 1SG6), it chiefly attacks infaota 
under two years, and appears in the convulsive form more often towards 
the middle than towards the end of infancy. In childhood it is much 
rarer, and diminishes in frequency towards puberty. In youth and adult 
life, it again increases in frequency. At a more advanced age, the imits 
variety is intreqiieat, but the chronic form, especially if we include the 
insane, is much more common. It is more frequent in males thaa in 
femalfla. 

Simple primary meningitis follows cerebral irritation and uoncussioa 
(wounds of the head, effects of cold, sunstroke, mental effort, violent ex- 
citement). According to J, Rosenthal, the basilar meningitis following a 
gunshot wound of the spine is due to escape of cerebro-spinal fluid, and 
to the concussion thus communicated to the base of the brain. Accord- 
ing to Fischer, traumatic meningitis is due to irritation of the brain and 
its meninges by splinters of bone. Secondiii^t meningitis appears in the 
vicinity of pachymeningitis, in cerebral syphilis fG riesinger), inflamma- 
tion and thrombosis of the sinuses, caries of the cranial bones, internal otitis 
and cheTnosis of the eyeball (Leyden, Foerster). 

Meningitis sometimes complicates other inflammatory diseases, such aa 
bronchitis, pneumonia, pleurisy, pericarditis, acute exanthemata, erysipelaa, 
and acute articular rheumatism. Finally, meningitis may appear in the 
course of Bright's disease, pysemia, endocarditis, puerperal diseases, phle- 
bitis, typhoid fever, dysentery, and c 



Symptom atolociy. 

Meningitis usually begins with fever and cerebral symptoms. The pa- 
tient complains particularly of a feeling of heaviness in the head and vio- 
lent cephalalgia. The headache, which is either diffuse or circumscribed, 
is often intermittent, and develops so slowly that the patient attends to 
his occupation for a certain length of time, until the advent of fever, 
weakness, vomiting, and increased cephalalgia indicate the onset of a se- 
riouB disease. In many cases, the headache increases very rapidly under 
the form of shooting pains. The patient becomes insensible, and often 
carries the hands to the head. In infants, there are frequent and sudden 
cries. Among the most common initial irritative symptoms, we may men- 
tion buzzing in the ears, photopsia, photophobia, and hyperesthesia of 
audition. 

Fever is soon added to these initial symptoms, and it is often preceded 
by chills, which may however be absent. There ia a prompt rise in teiu- 
petatnre and in the rapidity of the pulse, and these maintain very high 
figures (Wunderlich, Rosenstein, and myself) for a long time {pulse, 120- 
130, and more; temperature, 40°— il° C.). The respirations may be in- 
creased to 30-40 per minute. 

From clinical observation and the result of autopsies, the fever is found 
to correspond to the intensity and extension of the exudative process, 
and the variations of the pulse correspond with analogous variations of 
temperature and respiration. Consciousness and the intellectual faculties 
are more or less disturbed from the beginning. Restlessness, irritability, 
slowness of ideas, difficulty of speech, tendency to apathy, somnolence and 
delirium, precede the loss of consciousness. Strabismus and partial rotation 
of the eyeball are not infrequently observed. The pupils are usually con- 
tracted at first, or they are unequal, with frequent variations on either 
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nde, La,ter, in severe cases with fatal termination, they remain dilated 
and become insensible. Frequently there are no characteristio ayinptoDis 
on the part of the pupils. 

As disturbances of sensibility, we may mention, in addition to the 
cephalalgia, a characteristic cutaneous hyperesthesia. In patients already 
comatose, we may observe the production of pain and increase of reflex 
excitability, when the hand is passed over the surface of the body. 
According to Trousseau, erythematous taohfia are produced when the skin 
of infants, affected with meningitis, is lightly touched. The irritative 
motor symptoms are as follows: contraction of the muHcIes of the neck, 
convulsions of the upper and lower limbs, more rarely, general convul- 
siona (except in infants), tonic or clonic contractions of the muscles of 
mastication (mumbling, grinding the teeth, trismus— especially in children); 
finally, subsultus tendinum, and tremor of the hands. In young infants, 
when the open fontanelles are distended by abundant eSusion, pressure 
upon the fontanelles may produce convulsions. Paralyses appear with the 
increase of cerebral pressure. They are usually localized, affecting chiefly 
the facial muscles, and more rarely those of the extremities. Well-marked 
and complete hemiplegia, paralysis of the sphincters, preceded by reten- 
tion of urine (often by intense albuminuria, according to Rosenstein), 
are rare symptoms which appear when the exudation is complicated with 
cerebral cedema. Towards the last, the paralyses and coma become more 
profound. 

The pulse, full and rapid at the onset, becomes irregular and corapres- 
aible at a later period. When the cerebral pressure increases, it 19 
markedly slowed, and then again becomes frequent, and in the last stages 
it is extremely rapid (140 or more). The respirations are also very much 
accelerated (60 or more). 

The duration of the disease is very variable. In slight cases, in which 
the diagnosis is always doubtful, the serious symptoms may rapidly mend. 
But more frequently, when the termination is fatal, the duration of the 
disease is short. In adults, it may terminate during or at the close of, the 
first week, and in infants, within a few days. In certain oases, death 
only occurs after two or three weeks, or even after several months, if the 
meningitis has become chronic. 



Diagnosis and Prognosie. 

In the absence of well-marked initial symptoms, it is hardly possible 
to arrive at a diagnosis. But, on the other hand, the sudden appearance 
of cerebral symptoms in the midst of health, and their violence and rapid 
increase, often allow a very early diagnosis. This is also true of meningitis 
due to cerebral irritation or concussion, as well as of the secondary form 
which sometimes follows caries of the cranial bones or otorrhosa. In those 
latter cases, however, experience teaches us that inflammatory processes 
in the meninges, even when they appear to be of a serious nature, may 
undergo prompt retrogression. Meningitis is not readily mistaken for 
violent gastro-intestinal irritation, broncho- pneumonia, or the outbreak of 
acute exanthemata. Typhoid fever is recognized by the charaoteristio 
appearance of the tongue, by the regularity of the pulse and respiration, 
tind by the diminution of cutaneous sensibility. The diagnosis becomes 
vefv difficult, and even impossible, when, as happened in Loeschner's and 
Stemer's oases, meningitis develops during the course of typhoid fever. 
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Cerebral hyeREmia is distinguished from meningitis by the absence at 
premonitory symptoms on the part of the mental faculties. We do not 
find either the rapid increase of fever (which is frequently ushered in by 
chills) or convulsive movements tending to become generalized, the remark- 
able pallor of the face, or the distortion of the features found in cases of 
meningitis. The differential diagnosis between simple and tuberoul»r 
meningitis will be discussed at a later period. The meningeal form of 
cerebral rheumatism is not characterized either by vomiting or convulsions. 
It ia recognized by the coexistence of polyarthritis, and by the disap- 
pearance of the lattfer when the cerebral symptoms become marked ; later, 
psychical disturbances become manifest, especially melancholia. Inaca*o 
which I have published (Wochenbl. d. Ges. d. Aerate, 17 and 18, 18C3), a 
profound state of melancholia developed during acute articular rheuma- 
tism. Following this condition, I observed complete abolition of electro- 
muscular contractility and sensibility in the lower limbs, which disap- 
peared very slowly during convalescence, after the resorption of the intra- 
cranial exudation and the removal of the cerebral oedema. Eclampsia of 
children differs from convulsive meningitis (which occurs most frequently 
in them) by the usually shorter duration of the convulsions (^-J hour), by 
the more frequent remissions during the day (if the disease, as it doea 
rarely, continues longer than a day), and by the rapid course of eclampsia. 
The existence of an accidental cause, of an hereditary disposition, or the 
periodical return of the affection, are elements in diagnosis. Unemio 
encephalopathy is distinguished from simple meningitis by the dropsies 
which usually precede the cerebral symptoms for a long time, and by tha 
presence of blood and albumen in the urine. Its course is more rapid, and 
there is no fever or acceleration of the pulse. According to Voltolini 
(Monatsschrift f. Ohrenheilkunde, No. 1, 1867) acute inilammation of 
the labyrinth in children may assume the characters of meningitis. In 
fact, inflammation of the labyrinth ia accompanied by loss of conscious- 
ness, vomiting (obtained experimentally by Czermak in lesions of the 
labyrinth), delirium, and fever. We are aided in the diagnosis of these 
cases, by the rapid course and unusual violence of the symptoms, by the 
absence of paralysis, by the loss of hearing, coexisting with an intact 
condition of the external ear and tyrapanuio, and followed by loss of 
Bpeech and deaf-mutism. 

The prof/nosia of meningitis depends upon the symptoms and severity 
of the affection. Simple primary meningitis is followed, in a very small 
number of cases, by recovery, as is shown by the traces of inflammation 
found upon the meninges after the lapse of several years. 

The proportion of recoveries is greater in adults than in nurslings and 
young infanta. They are much more frequent in the period of irritation 
than io that of exudation. Complications render the prognosis more 
grave. It is unfavorable in the secondary forms, except in rare excep- 

The favorable termination is ushered in by a rapid lowering of the 
temperature and pulse, by a deep sleep, and by the return of conscious- 
ness. Violence and continuance of delirium, persistence of profound 
coma, continuous elevation of temperature to 41" C, and progression of 
the symptoms of paralysis, lead us to give an extremely grave prognosis. 
Towards the close of life, when the vagus centre begins to be paralyzed, 
the pulae increases in frequency, the temperature reaches the highest de- 
gree ever observed during life (as high as 43.8" C, according to Rosen- 
stein), and after death it may mount beyond 43° C. The fatal ti 
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tion IS hastened by coexisting infiammationa of the cortex, by ventriculw 
dropsy, by the continuance of the exudation, and, more rarely, by effu- 
sions between the meninges. 

As more remote sequences of meningitis, we may mention fibroua 
thickening of the pi» muter and arachnoid, adhesions of the latter to the 
atrophied cerebral convolution a, to the dura mater and even to the skull. 
These inflammatory lesions, which are usually referred to chronic men- 
inffitis, are found in epilepsy, acquired imbecility, and general paralysis 
of the insane. Judging from the periodical rise o£ temperature observed 
in this disease by L. Meyer, and from the cortical encephalitis frequently 
noted by Meschede and Mettenheimer, it is extremely probable that the 
anatomical lesions attributed to chronic meningitis are due to an inflam- 
matory process, which is nearly always latent, and to febrile exacerbations, 
which are widely separated and are therefore often misconstrued. To 
the stage of irritation belong the headache, vertigo, convulsions, halluci- 
nations and cerebral excitability. The stage of depression is characterised 
by the failure of the mental powers, the disturbances of speech, and the 
s changes in sensation and motion. When the disease lasts several 

Lrs, the secondary lesions may extend to the cord, and, according to 

Bstphal, the spinal lesion is primary in many cases. 



Treatment. 

In the beginning, we should employ all those measures which tend to 
diminish the pressure of the blood in the vascular system. The patient 
should be immediately placed in a cool, dark, quiet spot, and the head be 
placed as high as possible and subjected to cold applications, preferably 
m the shape of an ice bag. In the first few days, local bleedings are 
also indicated (leeches to the temples or mastoid processes) ; the amount 
of blood to be withdrawn varies with the constitution and vigor of the 
patient. Often, after the bleeding, it is advisable to employ cold com- 
presses, which should be interrupted when signs of syncope appear. 

Cool ablutions and affusions are strongly recommended by Trousseau, 
and Barthez and Rilliet. Cool affusions in a warm bath, cool baths, or, 
better still, the use of -wet blankets several times a day, lower the temperv 
ture 1° or 3° C. But it again rises after a few hours, and the hydropathic 
measures must be repeated methodically and for a long time, at the begin- 
ning of the febrile exacerbations. They often exercise a good influence, 
but do not succeed in preventing a fatal termination in severe forms. 

Mercury is still employed from time to time in children. It is used in 
the form of frictions to the neck or sub-maxillary region, or calomel is ad- 
ministered internally in large doses. The calomelis said to cause derivation 
to the intestines and biliary passages, diminish the amount of blood pass- 
ing to the brain, and retard exudation. Infants, it is also said, tolerate 
the use of calomel better than adults. Alt these statements are without 
any positive, scientific basis. Large doses of calomel not only produce 
safivation with buccal and pharyngeal ulcerations, or diarrhiia followed 
by enteritis, but they are also incapable of diminishing the amount of 
blood flowing to the brain. Less can be said against moderate dosea 
(.020-.06 every three hours), but no benefit is positively known to follow 
their employment. 

Derivate measures are much more important. In the stage of exoito- 
ment, employ sinapisms or blisters to the trunk or extremities. The ap- 
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{■lication of tartar emetic ointment to tlie head of infants who are hop» 
BBsly ill, merely increases their Buffiarings. Intestinal deriTation is pro- 
duced by irritating enemata and purgatives, but emetics and drastics 
•houM not be employed. 

Narcotics should be reserved for those eases in which convulsions are 
a serious symptom, or in which a maniacal form of delirium supervenes, 
or when the serious symptoms have resisted cold applications, bleeding 
and derivatives. In these cases, small doses of opium or morphine (soma 
prefer aconite or belladonna in infants) may diminish the symptoms of 
excitement and cause a favorable termination. (According to Gsaheidlen 
and Mendel, the use of opiates in animals lowers the temperature of the 
head.) It goes without saying that drowsiness, coma, and collapse are 
oontra-indications to the employment of opiates. 

When there is a tendency to syncope, we should employ active atimu* 
lants, such as cold afiuaiona to the head during a warm sitz-bath, the nso 
of musk, ammonia, and camphor. When a bath with affusions does not 
promptly restore the patient, we may recommence the operation, but the 
chances of success are then reduced to a minimum. 

In chronic meningitis, the use of tonics, iodide of iron, a prolonged 
Hojouro in the country and appropriate regimen, are of considerable bene- 
fit. Friction with wet cloths and cool hatha also lend to restore the 
strength. If paralysis persist, the electrical current should be applied. 



3, B&BiLAB Meningitis. 

Basilar meningitis presents distinct characteristics which must be ex- 
amined with carp in order to differentiate it from closely allied conditions. 
We may distinguish, from aclinical point of view, the following varieties: 
First, simple basilar meningitis (circumscribed or diffuse), with its peculiar 
Bymptoms and anatomical lesions; secondly, the tubercular forms, em- 
bracing tubercular basilar meningitis, properly speaking, and acute men- 
ingeal tuberculosis of the hydrocephalic type. 



a. Simple Basilar Meningitis. 

Meningitis may give rise to localized inflammatory products at the 
base of the brain. In two cases of this nature which I have observed, 
traces of chronic meningitis wore found limited to the base, with adhe- 
sions of the meninges and compression of the oculo-motor nerve (which, in 
one subject, was discolored and atrophied upon one side). During life, 
the patients suffered from continuous headache, dizziness, ptosis, paralysis 
of ocular muscles, paresis within the distribution ot the facial nerve, and, 
in one case, paresis of the left lower limb. The irregularity of the ocular 
paralyses, their disappearance (either spontaneously or after the use of 
galvanism), the alight affection of the facial or trigeminal nerves, the mora 
or less complete integrity of motion of the limbs, are factors in the diag- 
nosis of localized inflammatory processes at the base of the brain. 

But when basilar meningitis is more diffused and involves several cere- 
bral nerves, and when there is considerable difficulty of motion in the 
limbs, it is hardly possible to distiuguish meningitis from a tumor at ths 
base. In a case observed by Benedikt, the meninges were adherent from 
the sella turcica to the foramen magnum, and several nerves of the baso 
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were enclosed in retracting connective tissue. During life, thf patient 
presented the ftppearanoes of labio-glosso-pbaryngeal paralysis, ]n an an- 
alogous case of Graefe (paralysis of the common and external motor-oculi, 
and of the pathetici, witliout pain or fever, but with dyaphagia and dysp- 
nosa at the end), Virchow and Klebs discovered, at the autopsy, an os- 
teo- periostitis at the base of the skull. 

Basilar meningitis is more frequently diffused and general. The base 
of the brain is then covered in great part or even entirely by a purulent 
exudation which fills the subarachnoid space from the optic chiasm to the 

fions varolii and medulla oblongata. The cerebral iosaw also contain a 
arge quantity of fluid, and the ventricles are distended by an opaque, 
floccLtlent, purulent or pseudo-membranous effusion wbiah may measure 
100-150 gr. The ependyraa is thickened or softened, and the choroid 
plexuses are infiltrated with exudation or strongly congested, and the sur- 
rounding cerebral tissues and commissures are softened and oedematoua. 
The cortical tissue in contact with the exudation is sometimes discolored 
or of a red hue, and strewn with small hemorrhages. The convexity o( 
the brain is usually free from exudation. When the ventricular dropsy is 
considerable in extent, the oonvolutions are flattened and pressed against 
one another. Here and there we find traces of past inflammation in the 
form of false membranes, thickening and adhesions of the meninges. 

Basilar meningitis may be primarj', but it more frequently foUowt 
other cerebral affections, such as lesions of the cranial vault, fissures at the 
base of the brain, phlebitis of the sinuses, tumors, localized inflammations, 
abscess and softening of the brain. The primary disease often masks the 
symptoms of the secondary meningitis. In some cases, the latter may 
manifest itself by violent headache, stiffness of the neck, retraction of the 
abdomen, slow development of the disease with moderate fever, and by 
the appearance of paralysis of several cerebral nerves in addition to th» 
other signs of meningitis. 

b. Thiberoilar Forma of Basilar Meningitis. 

Clinical observation has not been able to draw any distinction between 
the anatomically distinct tubercular basilar meningitis and miliary tuber- 
culosis of the pta mater. Anatomically, tubercular basilar meningitis de- 
velops in the midst of an inflammatory process. In the gelatinous or yel- 
lowish exudation occupying the subarachnoid space at the base of tba 
■irain, tubercular granulations are found upon the meninges and sometimea 
extending towards the convexity and Sylvian lissure. Tbe cerebral tissue 
in their vicinity is softened and discolored. This exudation is absent in 
acute miliary tuberculosis of the pia mater. The tubercles appear as 
small grayish granulations, which are often seen only after careful inspec- 
tion of the pia mater at tbe base, the membrane being examined in trans- 
mitted light after detaching it from the brain. Similar granulations may 
also be seen In the fissures of the convexity between the cerebral convolu- 
tions, and upon the choroid plexuses. According to Weisbach (med. 
Yahrb., Bd. XVI,, 1868), the proportion of water in the brain is very much 
increased both in simple and tubercular meningitis. According to the 
jiatest researches of Bastian (Ediub. Med. Journ., April, 1808), tbe granu- 
lations in tubercular meningitis are due to a. proliferation of the nuclei 
contained in the walls of the hyaline vessels of the pia mater. In Mag^ 
nan's case (Gaz. Med., No. 15, 1H'?0), in which epileptiform attacks, irrego- 




89 OLIWTOAL TBKATiaK OW 

lar muscular contractions and fibrillary spasms were present, the autopsy 
proved the existence of a tubercular affection of both the cerebral and spinal 
meninges. Liouville has observed the same fact in tubercular mcningitia 
of childhood. 

The numerous transitions which exist between the two forms of tuber- 
culization of the raeninges, their eitension from the base to other parts of 
the brain, the tuberculization of other organs occurring in both varieties, 
and their analogous appearance in the ventricles, prevent us from dia 
criminating clinically between them, and we are obliged to describe theii 

Eathognomonio symptoms under one category. We prefer the term tu- 
ercular meningitis to that of acute hydrocephalus, which is so frequently 
employed, because this only comprehends a part of the symptomatology 
of meningitis and because it may exist in many affeotions entirely foreign 
to tuberculosis. 

Etiology. 

Tubercular meningitis, according to the concurrent observations of 
Bennet, Rilliet and Barthez, is rare in the first years of life. It is most 
frequent from the seeondto seventh years, and then diminishes in frequency, 
occurring very rarely after the age of ten. In the adult, it occurs with the 
greatest frequency from the twentieth to fortieth years, and is more fre- 
quent in the male sex. Large densely populated citieaexhibit a greater mor- 
tality than small towns and rural districts. The disease is more frequent in 
bad seasons of the year, but it never appears as an epidemic. Heredity ia 
of importance in many cases, but the tubercular diathesis may also be ac- 
quired. Poor hygienic conditions favor its development. Children who 
are not nursed at t^e breast, receiving instead defective and insufficient 
nutriment, and who live in damp lodgings, deprived of air and light, and 
remain pale and lean, often have glandular enlargements and carry tho 
germs of tuberculosis even when their general condition does not, at first, 
lead to any suspicion of danger. When the constitutional affection ia 
thus developed in a latent manner, the cerebral symptoms may appear 
suddenly. Their outbreak may be incited by slight causes, such as tooth- 
ache, cold, and excitement. It also occurs in certain debilitating diseases, 
such as whooping-cough, diarrhoea, measles, and scarlatina, which incite 
the proliferation of the tuberculous germs situated in the brain. Chronic 
exanthemata of the scalp and skin, and otorrhcea, whose sudden disap- 
pearance is regarded as a cause of meningitis, are rather the first manifes 
tations of the dysorasia. In adults, there are other causes of debility. Pre- 
cocious and excessive mental labor, physical fatigue, prolonged sorrow, 
and the material cares of life may give rise to hydremia, disturbances of 
cerebral circulation, and to congestion of the venous plexuses followed by 
aerous effusion. Similar phenomena occur in other organs, as in the lungs 
and their serous coverings. 



Symptomatology. 

The symptoms of tubercular meningitis present numerous varietiea, 
depending upon the age, previous constitution, and method of develop- 
ment of the exudation. The symptomatology varies according as the 
brain was previously intact or already affected by congestions and effusion. 
The exudation may develop suddenly or slowly. Great importance must 
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be abtaobed to the lesions which the eiudatioti o 
in the oerebrn,] tissues by infiammatory irritation, 1 
sion or by softening'. 

The disease may begin suddenly, especially in adults, with fever and 
cerebral irritation. But usually, in the majority of cases, the cerebral 
Bymptoma are preceded for a long time by a condition of malaise, a feeling 
of constriction in the head, disturbances of digestion, sleep, and general nu- 
trition. These phenomena are probably attributable to the slow progress 
of the meningeal exudation. 

The pathognomonic symptoms only appear distinctly when the disease 
begins acutely. The cephalalgia of the onset is sharp, paroxysmal, and 
presents intermissions. It is usually situated in the frontal region, and it 
IB often accompanied by dizziness, not only while walking, but also during 
the recumbent posture. The features are changed, the brow contracted, 
gaze fixed, especially in infants, the expression dull, and the pupils more 
frequently contracted than dilated. Speech is markedly embarrassed and 
slow, intelligence is disturbed, and there is a tendency to sleep. Among the 
initial symptoms, we must aiso mention vomiting, which occurs more or 
less frequently even in the first few days; marked hyperjEsthesia o£ the 
skin and senses (unusual sensitiveness to light and sound); obstinate con- 
stipation, with distention and sensitiveness of the stomach; scanty urine. 
The fever is moderate in the beginning. The pulse is slightly accelerated 
as a rule, but in adults it may be retarded and intermittent from the be- 
ginning. In infants, according to Rilliet, the pulse is always wiry. The 
temperature usually varies between 38.5° and 3^.5° C, but in acute tuber- 
cular meningitis it may suddenly rise to 40° or il° C, and remain at this 
Soint for a long time. Respiration is very slow and superficial in ohil- 
ren, and often irregular and interrupted by deep sighs. 

While the disease is developing slowly and irregularly, deceptive ap- 
pearances of recovery often occur. The psychical faculties change more and 
more, somnolence and delirium become more frequent, and alternate with 

f rinding of the teeth and strabismus; the eyelids are half closed, the eyea 
irected inwards and upwards; the patient bores his head Into the pillow, 
in consequence of tonic spasms of the neck, and gives utterance to repeated 
cries. The hydrocephalic cry of Coindet, regarded as characteristic of in- 
fantile tubercular menin^^tis, is also observed in other acute diseases, but 
it has great diagnostic significance when preceded by spasms or followed 
by convulsions. 

The pupils at this time are more often dilated than contracted. As 
Cohnheim, and later, Bouohut, have shown, we can recognize, with the oph- 
thalmoscope, oertain varicosities o£ the retinal veins, retinal hsemorrhagea, 
a serous peri -papillary infiltration (st?ns of obstructed circulation at the 
chiasm), and white miliary granulations on the choroid and retina. It 
16 undoubted that in many cases, when a oerebral or pulmonary affection 
of doubtful character exists, the determination of tubercles in the choroid 
■will render the diagnosis certain. But the absence of choroidal tubercles 
and of retinal lesions does not disprove the existence of tubercular menin- 
gitis. According to Galezowski (Union Med., 1867), ocular disturbances 
are absent in tubercular meningitis if there are no granulations upon the 
chiasm. 

Digestion is poor, and the appetite usually disappears from the second 
week of the disease. There is great thirst, the tongue and buccal raucous 
membrane are dry and cracked, and the abdomen is retracted in the shape 
of a boat (contraction of the intestines from irritation of the ueutrea of io- 
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iBOeirT&tion, Traube). The pulse, &t first a little accelerated and 
r, toon becoineB markedly slower (irritation of the centre of the 
^ lating cardiac nerves). It beats 40-45 per minute in the adult, and 
60-C5 in children. The respirations become slower, irregular, and super- 
ficial. The skin is cool, and covered with a cold sweat. 

In the last period, or stage of paralt/eia, the paralyses of the musnles 
of the face, eyes and limbs, which were at first limited and transitory, 
become more complete and persisting-, and certain muscles (jaw and neck) 
become contractured. Cutaneous and reflex sensibility, which were at lirst 
increased, become entirely lost. The pulse, small and soft, is very rapid (aa 
in section of the pneumogastric, Traube); the abdomen is tympanitic; the 
bladder and bowels are evacuated involuntarily; deglutition is impossible; 
the skin is cold and discolored, and covered with a viscid sweat; the 
patients sink into coma, which, in children, is often interrupted by oonvul- 
■iona. 

The duration of the disease should be dated from the appearance of the 
first well-marked cerebral phenomena. The uncertain prodromata should 
Bot be considered in the evolution of the symptoms. 

The average duration is frcm two to three weeks. If the disease is 
superadded to general tuberculosis, it terminates in the first week, rarely 
in the second. But if tubercular meningitis attacks individuals who ap- 
peared to be previously healthy, it may last several weeks, sometimes even 
two or three months, or may terminate in a few days. 



Diagnosis and Prognoaia. 

Vague prodromata, consisting of general malaLie without noteworthy 
oerebral disturbances, will not lead us to suspect a tubercular affection of 
the brain, especially when the patient has previously enjoyed good health. 
In such cases, we cannot make a diagnosis except after a long-oon tinned 
observation, or after the appearance of serious cerebral symptoms and 
constitutional disturbances, such as persistent headache, vomiting, fixed 
look, somnolence, and obstinate constipation. 

Acute pulmonary and bronchial afiections may be recognized by care- 
ful and repeated physical explorations. The differential diagnosis offers 
f^reat difficulty when there is a simultaneous tubercular affection of the 
ungs and meninges, and we must be aided, especially in children, by the 
history of similar disease in the parents or other relatives. The symptoms 
of cerebral excitement which precede the eruption in acute exanthemata, or 
which, especially in children, are due to gastric irritation or the presence 
of worms, do not give rise to any doubt after the lapse of a few days, when 
the eruption has appeared or the worms Lave been passed, after appropriate 

The diagnosis between typhoid fever and tubercular meningitis is 
usually not difficult. The former is characterized from the beginning by 
the increasing elevation and exacerbations of the temperature, and the 
acceleration of the pulse; lively delirium is rarer and appears later; the 
abdomen is usually tympanitic, and diarrhoea is almost always present; if 
constipation exists, it is readily overcome by laxatives; in the coma of 
typhoid fever, the patient is insensible to impressions upon the skin and 

In tubercular meningitis, on the other hand, the temperature is usually 
moderately elevated, the pulse and respirations slightly accelerated, sjid 
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farious delirium sometimes appears in the second week. Other characteriB- 
tio signs are furnished by the " boat belly," the obstinate constipation, tha 
repugnance of the patient to external impressions, and the Eecondary 
Blowing of tho pulse and respiration, 

Tlie differential diagnosis between simple and tubercular meningitis is 
determined by tha aggregate of tbe aymptonis. Simple meningitis attacks 
adults and infanta in good health, and has very few prodromata, or com- 
plicates other affections which have no relation to tuberculosis. It begins 
with rapid rise of temperature, acceleration of the pulse aud respirations, 
and somnolence; delirium and convulsions soon appear. The constipation 
ifl moderate, and the appearance of the abdomen is not modified. The situ- 
ation becomes more and more grave, and terminates in a period varying 
from several days to a week. Tubercular meningitis usually attacks adults 
who have previously presented evidences of tuberculosis, or feeble infanta 
with a scrofulous or tuberculous diathesis, either hereditary or acquired. 
The meningeal affection commences with slight rise of temperature and 
acceleration of pulae and respiration. Somnolence and delirium only 
appear at an advanced stage of the disease, and convulsions towards tha 
close. The constipation is obstinate, and the abdomen is boat-shaped. The 
disease does not appear to be serious in the beginning, and may continue 
for several weeks, with deceptive appearances of improvement. 

The prognosis of tubercular meningitis is very grave. In some cases, 
in which the exudation is not abundant, it may be absorbed and the mil- 
iary granulations of the meninges may disappear, as has been seen in tuber- 
culosis of other organs. But this favorable termination forms a very rare 
exception, and does not diminish the gravity of the prognosis. The large 
proportion of recoveries reported by former observers (Formey and Goelis) 
are open to doubt as to the accuracy of the diagnosis. More modern authors, 
auch as Hahn, Rilliet and Barthez, have seen the convulsive symptoms 
disappear at the end of several weeks, the pulse recover its force, and 
sleep restored after a profuse sweat and alvioe evacuation. But these ob- 
servations do not convince us of a permanent recovery, since relapses occur 
after these r. 



^H ritior 
^H long 



Prof. Politiec has Been one casfi of reooyery from ba«ilai meningitu (Jnhrb. t. Kin- 
derheilk., YI., IStiS). The ohild Temoined yeT? emaciated, and died in a relapse thiea 
yean later. At the autopsy, recent meningiLia was found at the base, and an old ex- 
udation was obBeived npon the pana varolii. 

Tubercular meningitis usually terminates in death, which occurs with 
irregular action of the heart and respiration, and with convulsions and 
coma. Idiocy, epilepsy, and chronic hydrocephalus may follow tubercular 
meningitis of childhood. 

Treatm&it, 

Since treatment is of little avail when tubercular meningitis has become 
established, therapeutic measures should bo chiefly directed against the 
first manifestations of the dyscrasia. A rational prophvlactic treatment, 
begun early and continued methodically, may succeed, in quite a number 
of oases, in checking the germa of scrofula and tuberculosis, and in pre- 
Tenting the occurrence of meningitis. Infanta with an hereditary predispo- 
rition should be provided with a good nurse and reared in the country for a 
long time. It is well to habituate them early to cool baths; they should 



have sufficient clothing without enervating the body; tha sleoping Kpait' 
ments should be large, cheerful, and not too cold; excitement should bs 
avoided if the children are impressionable, and their mental faculties must 
not be stimulated too rapidly. These precautions, together with the usb 
of iron and cod-liver oil, give positive beneficial results in a considerable 
number of cases. 

When the meningitis has already begun, the treatment is purely symp- 
tomatic. On account of the dyscrasio nature of the affection, antiphlo- 
giatio measures must be employed with caution. This is also true of 
leeching, the prolonged employment of which favors serous traosudattons. 
Local applications of ice or cold affusions are not iudicated, and frequently 
renewed cold compresses satisfy all the indications. Active cutaneous 
revulsives may be applied to the neck and extremities, but it is useless 
cruelty to shave the infant's scalp in order to apply a blister or tartar 
emetic ointment. 

Derivation to the intestines may be established by irritant enemata and 
saline purgatives, but we must not produce a debilitating diarrhcea. The 
use of iodide of potassium and iodide of iron is more extended, Niemeyer 
states that he has obtained gradual recovery by the long-continued use of 
iodide of potassium, pushed until toxic effects were produced. Other ob- 
servers are less positive in affirmative statements in this regard. When 
the first signs of collapse and coma appear, the stimulants and tonics, to 
which we have referred under meningitis, should be employed. If the dis- 
ease is prolonged, the patient should be kept absolutely quiet, the air of 
the sick-room should be frequently changed, and we should administer nu- 
tritious but easily digested food, combined with a small quantity of wine. 

3. Epidemic Ckbbbeo-spinal Meningitis. 

This form of meningitis attacks, by preference, the pia mater of the 
brain and cord. The affection has already traversed a portion of Europe 
for several decades, as Hirsch, of Berlin, has positively proven, and its 
recent epidemic appearance has given rise to numerous observations and 
researches. All the epidemics present great differences with regard to the 
intensity, number, and duration of the cases. 



Pathological Anatomy. 

Let us first examine the changes in the central nervous system. 

The meninges and sinuses are usually strongly congested, and tho 
arachnoid is dry, injected, rarely infiltrated with fluid, and still more rarely 
covered with a plastic exudation, causing adhesion to the dura mater. 
The real seat of the purvUnt meningitis ia in the pia mater. In very re- 
cent cases, this membrane is merely injected, but later, it becomes opaque, 
roughened, and covered with a gelatinous, transparent exudation, which 
sometimes presents a milky appearance, and is tinged with blood (Hirsch). 
Thiersch has found ftetid pus in the meninges. The exudation is some- 
times so abundant that the arachnoid is completely detached. While 
Kiemeyer considers the vascular sheaths as the sole source of the pus, ac- 
cording to Buhl, the cerebral substance is also softened, infiltrated with 
granular corpuscles and amyloid bodies. Merkel, of Nueremberg, has 
found ia the ependyma and adjacent portions of the brain, and upon 
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transverse sections of the meninges and corticaJ substance, a nuclear pr) 
liferationin the vessels, Kct&idtng fr&m tlii cerebral meninges to the spina, 
cord. 

The brain as well as the cord sometimes increases ia voiume, causing 
the convolutions to appear obliterated and dry. Sometimes tie portions of 
the brain in contact with the exudation are softened (mechanical soften- 
ing of French authors). It is rare to find pus witQin the ventriclw. 
Klebs supposes that pus may enter the ventricles along the velum iiitor- 
positum, by following the prolongation of the plexuses, or along the cere- 
bellar choroid plexuses (Virch. Arch., XXXIV. Bd., 3 Heft, 1866). The 
pus is especially abundant at the base in the subarachnoid space, between 
the infundibulum and pons varolii, around the optic chiasm and medulla 
oblongata, and in the parietal region. It is fouod in less abundance along 
the convexity. In places in which the pus is not collected in considera- 
ble quantity, but in which thepia materia opaque and roughened, accord- 
ing to Klebs, a more or less abundant cellular proliferation is noticeable. 
According to him, the process at the base of the brain is primary, and that 
in the cord is, at the most, synchronous with it, but will remain latent 
until the spinal arachnoid is invaded by the pus. 

The posterior surface of the cord is more affected. The spinal dura 
mater often takes part iu the process, a fact which is of rare occurrence 
in the brain. At first, recent, delicate false membranes are found on the 
dura mater, and, at a later period, very delicate adhesions develop between 
the dura mater and pia mater. These adhesions are found, especially on 
the posterior surface of the cervical and dorsal regions. In acute cases, 
aocordlng to Klebs, the subarachnoid exudation is viwid, fibrinous, yel- 
lowish or greenish, and it is crowded with round, granular celts contain- 
ing a single nucleus. It contains mucin and albuminate of soda. 

The most profound changes are found in the inferior cervical and lum- 
bar regions. The layers of pus are sometimes irregular, and appear reti- 
culated, and according to Klebs, their distribution, especially in the cord, 
depends upon the action of gravity. The largest quantities of pus are 
found in the dependent portions, and above any obstacles which bar iis 
passage. We must take into consideration the spontaneous movements 
of pus globules demonstrated by Recklinghausen, and their passage 
through the intact walla of the capillaries shown by Cohnheim. The 
greater mobility of certain portions of the spinal column preventsany con- 
siderable collection in these places. Klebs has observed two kinds of 
change in acute purulent meningitis; viz., those of purulent encephalitis, 
properly speaking, and those of consecutive softening. The first is fre- 
quent in the white substance of the brain. It consists of small extrav- 
asations, usually in the sheaths of the arteries, with white or yellowish 
softeubg of the neighboring parts. The other variety of softening con- 
sists in an cedema of the white substance of the cord, more pronounced in 
the posterior columns, and especially in those places in which the pus has 
collected in the largest quantity. This softening plays the chief part in 
the symptomatology of the disease. 

In a case cited by Klebs, the pus was disseminated, and since mitral 
endocarditis coexisted, we are led to suspect an embolismio origin of the 
spots of encephalitis. 

Other organs are also often affected in epidemic meningitis. We may 
findbroncho-pneumonia; bronchitis, acute pulmonary oedema, pleurisy, and 
pericarditis are rare; Buhl has found beginning fatty degeneration of the 
oeftTt, The spleen is usually small; but, In some cases, it is enlarged at 
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the beginning. Kleba has found slight changes in the liver and kidneys, 
(granular, albuminoid or fatty degeneration, afTecting chiefly the sectetorj 
elements). The viscera are rarely increased iTi size, but are usually soft- 
ened. Ihe intestinal mucous membrane presents catarrhal thickening, 
with enlargement of the agmlnated glands, which project like millet seeds 
above the mucous membrane, and present ulcerations in some places. The 
lymphatic glands nearly always present a reddish appearance. 

The muscles are dry, soft, brownish-red, and atrophied. In recent 
cases, the muscular fibres present fine granulations. The cardiac muscle 
presents the same changes as the voluntary fibres. Klebs has found the 
condition of the blood very variable; in rapidly fata! cases, it is fluid, 
and the dots are soft and si;anty. The blood contained in the vessels was 
dark, as in typhoid and typhus fevers. The ventricular fluid contained 
chloride of sodium, phosphate of soda and ammonia, and a large pro- 
portion of oxalate of urea (Mescbede). Feteohiee and rubeolar eruptions 
are often found on the skin. 



Defective hygienio conditions exercise an undoubted effect upon the 
development of the disease. Of 47 epidemics occurring in France, Hirsch 
attributes 46 to the military population. It raged with the greatest vio- 
lence among the armies in the Netherlands, Russia, and Spain, and the 
soldiers were more affected than the ofificers. The crowded barracks, the 
accumulation of animal products and vegetable detritus, caused the pro- 
duction of the miasms which determine the appearance and rapid extenr 
sion of the disease. In Sweden, the greatest mortality occurred among 
the filthy, crowded houses and narrow streets of the poorer classes. The 
better classes of society enjoy a remarkable immunity in nearly all coun- 
tries. The mortality among infants, in certain epidemics, is due to other 
accidental causes, perhaps to the action of miasmatic emanations upon 
the impressionable organism of the child. Winter (in which all antihy- 
gienic factors are at their maximum) and spring (at which time organic 
decomposition is moat active) furnish the greatest proportion of cases of 
this disease (about J of the whole number). 

The evacuation of the barracks is almost always followed by the dis- 
appearance of the epidemic. Better ventilation, cleansing, or evacuation 
— at least partial — of crowded tenements, and closure of schools, have 
promptly diminished or arrested the epidemic progress of the affection. 
All tliese facts prove that the disease is of an infectious nature, but opin- 
ions differ widely as to its contagious character. 

Childhood and middle life are most subject to the affection. Rudnew 
and Burzew state (Virch. Arch., XLL, 1 Heft, 1807) that in Russia 
individuals of fifty and sixty years are often subject to the disease. The 
greater mortality observed among negroes in America is due less to a 
predisposition than to unfavorable hygienic conditions. 



Epidemic cerebro-spinal meningitis, also called apoplectic or cerebral 
typhus, encephalo-rachidien meningitis, cerebro-spinitis (Chaussard), and 
epidemic spasm of the nock, present? a great diversity in its sympto- 
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matio forms. Even in tha prodromio period, oertain diaturbancea are no 
ticeable in the corebro-spinal system. The patients complain of headache. 
dizziness, numbness in the limbs, tension and distressing stiffness in the 
neck and limbs, occasional chilly sensations and flashes of heat. These 
first symptoms may be so slight as to escape observation, or of such 
short duration that they almost coincide with the real onset of the disease. 

It usually begins during the night with high fever, a violent chill fol- 
lowed by burning heat, intense headache and vomiting. To the ordinary 
symptoms of cerebral hypertemia (turgor, hallucinations, delirium, strabis- 
mus, tremor of the limba) are soon added tetanic spasms of the muscles oi 
the neck and back, with considerable elevation of temperature. The pa- 
tients often complain of pains radiating from the back into the limbs. 
Tetanic spasms, varying in intensity and situation, appear under the form 
of pleurosthotonos, opisthotonos, tetanic contractions of the limbs, and 
convulsions. Trismus, and at a more advanced stage, paralyses, may ap- 
pear, but the latter do not last long. There is general hypera?sthesia, 
which renders all movements and contact insupportable. This symptom 
may be present in such severity that the patient, although partially stupid, 
is thrown into convulsions by mere contact with the skin. If improvement 
takes place, the skin, which was hitherto cold, becomes slowly warmer 
and perhaps even hot. The face, which was pale, becomes flushed, and 
the eyes regain their brilliancy. The temperature varies from 39°-41'' C, 
and when it passes beyond 42° C, a fatal termination usually results. The 
pulse, at this stage, ia generally small; the urine often contains albumen, 
JS poor in chlorides and rich in urates; the alvine dejections cease for a 
long time. Polyuria and mellituria (observed by Ziemssen, Maimkopff, 
and Hasse) are exceptional. 

This period does not last more than 13-24 hours, but, in rare cases, it 
may continue three days. It ia followed by the stage of depression, dur- 
ing which the patient remains in dorsal decubitus, sometimes with tremor 
of the limbs. The pulse ia slower, the face pale, the pupils sometimes 
dilated, sometimes contracted. In addition to the persistent stiffness of 
the neck, an eruption often appears in this stage either like rubeola, scar- 
latina, or herpes, and extends from the eyes and ears downwards to the 
chin and neck. Extravasations and petechial spots rarely occur (they are 
met with, on autopsy, in the serous membranes). In fatal cases, the coma 
rapidly deepens and becomes complicated with paralytic symptoms, ptosis, 
atrabiamus, paresis of the limbs. The skin is cold and covered with a 
profuse sweat, and the pulae and respiration become irregular and inter- 
mittent. According to Hirsch, the skin at times is cyanosed as in the 
asphyctic stage of cholera. Death sometimes occurs at the beginning of 
the second stage (fulminant meningitis), at other times, it occurs at the 
close of the second or during the course of the third stage. 

When the patient has passed through the stage of depression, the dis- 
ease terminates in convalescence (which is usually prolonged). The most 
frequent termination is in recovery, which may occur in the first stage 
(abortive form) or after alt the stages have terminated. The type of 
the affection, which we have depicted, is subject to very many pathologi- 
cal variations, depending upon the rapidity with which the exudation 
forms, upon its abundance and position, and, Gnally, upon the more or less 
prompt appearance of the poisonous action of the pus. The average 
duration is two or three weeks. The mortality varies in different epi- 
demics from 30 to 80 per cent. 

Aa secondary affections, we may mention intestinal catarrh, pleurisy, 



pnennionia, bronehitia, pericarditis, parotitia, and suppurative irido-choro- 
iditis, with detachmeRt of the retina. Malarial and typhoid fevers, sonie- 
times, also, rubeola, scarlatina, and (in two cases of Botkia) recurrent 
fever occur as complications. 



Diagnosis and Proffncms. 

Tha diagnosis is easy when the disease is epidemic, but sporadio 
oases are often confounded with other miasmatic or contagious diseas<4 
presenting analogous symptoms. The opinion of Boudin that the epi- 
demic variety aJono exists, is positively contradicted by Haaae and other 
observers. 

Pernicious intermittent fever with its fulminant manifestations, cases 
of typhoid with pains in the neck, scarlatina beginning with violent cere- 
bral symptoms, the cerebral affections which, in children, are often com- 
plicated by hypenesthesia and pain in the neck, and finally, aniite spinal 
meningitis, have many symptoms in common with the disease under con- 
Bideration and may lead to error in diagnosis. 

We may consider as characteristic signs of cerebro- spinal meningitis, 
the sudden invasion, fever, headache, vomiting, disturbances of sensation, 
constipation, small pulse, tetanic contractions affecting chiefly the mus- 
cles of the neck, and sometimes occurring in the thorax and abdomen un- 
til complete opisthotonos is produced. But, in many cases, we can arrive 
at a diagnosis only after prolonged observation and by way of exclusion, 
though usually the diagnosis may be made after the lapse of several days. 
Hirsch has emphasized the fact that we often have to deal apparently 
with the first symptoms of true epidemic meningitis, but, with appropriate 
treatment, recovery takes place after the return of warmth and profuse 
perspiration. 

The prognosis is not unfavorable in a large number of cases. Buhl 
believes that when it terminates in recovery, the exudation was merely of 
a sero-fibrinous nature. The rapid formation and abundance of the exu- 
dation give rise to the symptoms of central irritation, followed by great 
depression and profound coma with small pulse, which constitute the 
alarming symptoms. But the danger may disappear if this condition has 
not lasted a long time. We may hope for recovery when the coolness of 
the skin gives place to warmth, when the face resumes its natural color, 
the eyes recover their brilliancy, the pulse becomes stronger and the te- 
tanic spasms disappear. On the other hand, the appearance of petechiio 
and extensive extravasations, drowsiness and deep coma, paralyses of the 
cranial nerves already mentioned, elevation of the temperature to 43° C, 
profuse sweats, with lividity of the skin and intermitting pulae and respi- 
ration, are the terminal symptoms indicative of approaching death. 



Treatment. 

Therapeutic measures must be employed for two purposes, first: to sus- 
tain the nervous system, diminish the violence of the fever and quiet the 
pain ; and, secondly, to counteract the first symptoms of depression by the 
use of stimulants. 

The repeated bkedinga practised by French physicians have an injuri- 
ous efiect and should be proscribed, nor do the moderate bleedings, re- 
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centlj rficommended by Hanuschke and R&my, give satisfactory results. 
ZmccU abstraction of blood by the application of leeches bebind the ears 
and of wet cups to the neck or vertebral column, are more useful and ful- 
61 the indications better. They diminish rachialgia, but exert no iofluence 
upon the final termination in the severe forms of the disease. 

Cold applications are especially recommended by the majority of ob- 
Bervers. C3oId compresses to the head diminish the cephalalgia and are de- 
man Jed by patients who have not lost consciousness. Ziemssen bas ob- 
tained more or less favorable effects by cold applications to the neck, and 
by pouring ether or chloroform, drop by drop, upon the occiput {produc- 
tion of cold by evaporation). 

Cold applications to the spine, according to Wunderlich, are more dis- 
agreeable to the patients than useful. In certain more receat epidemics, 
methodical hydro -therapeutics has achieved good results. Ziemssen, 
Hirsch, Griesinger and MannkopfE, have obtained benefit from the use of 
quinine, both at the onset of the disease as well as in the more advanced 
stages with phenomena of intermittence. During convalescence, it may 
be employed as a tonic combined with small doses of iron. 

Calomel is given in doses of 0.15 to 0.20 every two or three hours 
(Frentzel, Niamey er, Dot zauer, etc.), either alone or with mercurial fric- 
tions, or with other purgatives. But the majority of authors have recog- 
nized the fact that recovery does not coincide with the appearance of the 
dejections produced by the calomel, and this circumstance does not speak 
in favor of the remedy which, in any event, must be employed with cau- 
tion. Iodide of potassium has been employed by Wunderlich, Rollet, 
PfeifEer, Rummel, etc., to cause absorption of the inflammatory products. 
It is to be preferred, at all events, to the local application of tincture of 
iodine to the vertebral column (RSmy). 

The question as to the value of the iodide of potassium must, however, 
be decided by new and more careful observations. 

Narcotics possess at least the advantage of procuring temporary sleep 
for the patient. When obstinate constipation exists, opium is advanta- 
geously replaced by its derivatives. Extract of cannabis indica (0.10-0.20) 
IS considered by Mannkopff, Rummel, Hirsch, etc., as a useful sedative 
and palliative against the violent nocturnal delirium, the jactitation, 
opisthotonos and insomnia. Subcutaneous injections o£ morphine (0.12- 
0.15 at night for several days in succession) are of advantage in combat- 
ing the insomnia, headache, rachialgia, and convulsions. Great caution 
must be employed in the hypodermic administration of atropine, as well as 
in the use of belladonna and of chloroform, which Wunderlich recom- 
mends in inhalations. 

The digitalis recommended by Rummel, the oxide of zinc by Kirchof 
and Heuschkel, and the bromide of potassium vaunted by Prussian physi- 
cians, may be useful in combating certain symptoms, but they do not 
constitute an efficient medication, especially in severe cases. When symp- 
toms of depression are manifested, recourse miist be had without delay to 
ttxcitaots and cold affusions (repeated even several times a day). 
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n,— DISEASES OF THE CEREBRAL PARENCHYMA. 



CHAPTER n. 

GEBEBBAL HTPEB^HIA. 
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At the close of the last and be^nning of this century, Monroe, Kellis, 
ftnd Abercrombie maintamed that the adult EkuU contained an unvarying 

giaiitity of blood. This statement was serlouHly attacked by Burrows, 
onderB, and Berlin, The latter, after trephining the skull and removing 
the dura mater, saw the pia mater (through a watch-glass) assume a vivid 
red color, when respiration was arrested by closing the nose and mouth 
of the animal (Nederl. Lanzet, March and April, 1S50). 

The more recent experimental investigations have demonstrated the 
VBriability of the oerebral circulation. The retina forms, in some sort, a 
window, opening into the brain, and enables us to observe the cerebral 
circulation during life, and to estimate the quantity of blood in the cere- 
bral and meningeal vessels, from the condition of the retinal capillaries. 
Certain nervines, such as belladonna and ergotine (according to Niccol, 
MoBsop, etc.), produce, in man, pallor of the fundus of the eye from irri- 
tation of the vascular nervous centre, while alcohol, on the other hand, 
!)roduoes hypenemia of the retina from paralysis of this centre. Quinine 
nduces ansemia (or hyperremia, if it causes nausea and gastric irritation). 
In many looalized affections, the initial lesions of the optic nerve and the 
periodical amblyopia are due to cerebral congestion. 

The variations in the quantity of blood in the brain coincide, accord- 
ing to the recent researches of Mendel (Virch, Arch., 60 Bd,, 1 H.,) with 
local modifications of temperature. Chloroform and morphine lower tha 
temperature of the cranial contents more rapidly than that of the rectum 
(cerebral anaemia from the action of the vaso-motor nerves, probably with 
■imultaneoufl retardation of the nutritive changes). Alcohol, by a contrary 
efFcct upon the centres, raises the cerebral temperature above that of the 
rectum, Casper has observed marked congestion of the brain and menin 
ges in acute alcoholism. The meningeal thickenings in chronic alcoholism 
are due to the oft-repeated congestions. 

The influences which affect the mass of the blood in the cranial 
oavitv also exert considerable effect upon the condition of the lymphatic 
circulation. According to Ludwig (Lehrb, der Physiologie, II.), if cere- 
bral flongcstion is produced artidoidly, in an animal, bj section of the 
oervioal sympathetic, the rapidity of tlio flow of lymph in the lymphatio 
trunks of the neck in increased, Gtetbgens (Ueber Circulation in der 
Bclimdelhivhle, Diss. Inang., Uorpat, 187^) injected defibrinated blood, 
under a strong pressure, into the carotid of the horse, collected the lymph 
and tneoaured it. It beoame evident that a coiisiderable increase of pres 
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sure in the brain promptly forced out the lymph contained in the cranial 
cavity. 

Golgi demonstrated anatomically (Riv. Clin., IX., 1S70) that the 
lymphatio vessels are compressed and the current of lymph accelerated in 
cerebral hyper.'emia. The afflux of blood to the brain and the consequent 
dilatation of the vessels are compensated by narrowing of the perivascular 
sheath and outHow of the lymph. This ia possible (as Golgi has shown 
by injection of Prussian blue), on account of the connection between the 
perivascular spaces and the lymphatics of the pia mal.er, and the oommu- 
aications of the latter with the subarachnoid spaces. 

Pathological Anatomy, 

Hypertemia of the brain and meninges, especially of the pia mater, 
presents great variations of intensity. In g&ncraX acute hi/pevjenna, 
which ordinarily follows mechanical disorders of the circulation, there ia 
considerable vascular congestion in the superficial layers of the skull 
(scalp, diploO). When the dura mater has been detached, it is found to 
be of a. bluish tint. The vessels and dilated sinuses contain partly fluid 
blood, which flows drop by drop from the incision, and soft clots in part, 
especially in the posterior regions. The vessels of the pia mater are 
equally gorged with blood, especially over the most compressed cerebral 
convolutions. The plexuses are also distended with blood. The brain is 
enlarged and its surface often flattened, and the medullary substance, on 
cut section, is found dotted with hfemorrhagic points, and may even, in 
intense hypera^mia of the new-born, present a reddish or deep red tint. 
The gray matter is of a darker color from the filling of the vessels, and 
small hiemorrhages may be present in it. 

Partial congestions are rarer and more difiicult to recognize on autopsy. 
They are found under the form of isolated and persistent spots. Thus, 
the cortical substance is often hyperiemio while the medullary tissue is 
normal or even aniemio. In localized disorders of the cerebral circulation, 
the congestion is confined to certain portions of the brain. Circumseribed 
congestions and capillary hiemorrhages in certain central ganglia may be 
found in apoplexies which are attended with incomplete loss of motion and 
sensation. 

In general, the brain contains more blood in young people and infanta 
than at a more advanced age. The posterior portions of the brain con- 
tain more blood than the anterior parts, on account of the position of the 
cadaver. The cerebellar meninges are more vascular than the cerebral; 
the pons varolii, corpus callosum, and fornix usually contain but little, 
and the cortical substance is better supplied than the medullary tissue. 

Chronic hyperemia ia often due to frequent and prolonged congestion 
of the brain and meninges. It is recognized by opacity and thickening of 
the meninges, and by the dilatation of the capillaries and small vessels, 
which, according to Ecker's measurements, are sometimes more than double 
their normal diameter. As Schroeder Van der Kolk has shown, chronic 
hypertemia of the cortical substance is very frequent in insanity, in which it 
assumes a brownish and pigmented appearance. According to recent re- 
searches, nuclear proliferations in the walls of the vessels and in the fibril- 
lary plexus of the cortical substance, and pathological changes m the 
ganglion cells, or in the cortical connective tissue, occur in psychical 
disorders of a rapid course. 
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„ Af/ptrfamliu pemllar to the eranlal eavUy mtut fc_ 
th« oonditioiia nt i.ii»nim\,\on in iilirntilo drunkards and i 
CKten, and thoie wliiili Am 'hi" tii imriilyiiiii of t.lio VHo-tnutor « 
from violpiit emotiojiii kii'1 iriti'lliurtUBJ olTtirln. KulnMnu heitl i 
aAd insoUtioii act upon Lti« brain In llm Mmn iiiAiiiiur. The tend* 
eerebnl cnii^stion (ufrmi with varti^o), wliiuli Komotimea soooga 
lesiona of tho Hiffciitive orgftw, lit aUo ejipli(!Hl)lo by a vaao-motor im 
and inero»«e of intra-wrirliral prnnwuro. Tbii *iow ii oonfiitned I 
reoeiit cx[>flr[]nonU rif H. Mayor an<l I'ribram (Hlu. 'lor Wien. Acad.,1 
in whbh nlnotriaal or rnnobanl'ial Irritation of tho wall* of th« abj, 
produced a rnflox JncrnaM) >tf the vnMnilar jimnvum and conaiderablft 
mution in tho frvqunniiy "f thn |iiil«u. 

The CHiii'tM of cnrcliral hyjinrwmia arn more frciquontly found ( . 
of the oraniikl cavity, and it in filii«lly dun U< li'iilniiii of the oircuiatoqj 
respiratory orgnna. Th" rnoMt notlvn irf tlinan uhiihmh urn organic diai 
of tho heart (valvulur l"«l'>riH) ami iWniiyU-n nf thn imlmi)nary circuL 
|amphyaema, ohroniti liroii'ihir.in, nirrhoiilii of ihn Inng) whjuh produce stasia 
\n tne riirtit nuridlii ni\<\ i>iipiiri"r vena rHvn, mid iMiiiHiii[iii!nlly obstruct the 
return of blood from thn brain, 'I'liii aniux of lilnoil to ihe Ijrain may 
also be incmasod by marltnd 'lurdio'i hypurtrnpliy. IncreuHe of pressaro 
in tho vosoular system is always aiui'miiiuiiiKil, iippordinp to .Jolly's experi- 
ments, by Inarnssiiof tho liitra-(i"rnbriU tirt-snuro, Tins also occurs from 
■taaea of the infiipior vona cava, In affmitluiis of tlio liver or other abdom- 
inal viscera, in diUtntion of thn hmnorrhoidn! voins, and in cessation of 
the menses. Obsladus to llm rntnrn flow of blood also produce pas- 
sive hypenemia of thn brain, as In oninprcssion of the jugular vein^ 
(tumors, eiilar(t«d glands, ■frangulu.lion), Thn cerebral pressure in- 
creases when prf^ssure Is nxnrcisnd aiinultanaotisly upon the carotids and 
jugulars. 

C'/ianifM in the tirtitrlfn also furnish froc|Uont ottuses of cerebral hyper- 
semia. When tho afTerunt vnssnls arc atlinrnuuttous (as in old age), or 
when their walls present, as in oerlsln gmidrnl dlsiiiisus, an unusual fr^l- 
ity or slight fatty dogeuQration (thn hypoplasia dusurlbed by Virchow in 
chlorosis), tho pressure in the aortic syslnm will be increased when the 
amount of blood innroasos, and will bo followed by augmentation of the 
cerebral pressure from want of rnsistanun in the veBseU. We may then 
find a peculiar irritability of the nervous centres which causes them to re- 
act upon the slightest stimulant or upon very slight inorease of vascular 
pressure. The laity, and oven phyHioIaiiN, mistake this tendency to oon- 
gestion, which exists even in feeble individuals, for true plethora. 

Si/niptovm. 

As a general rule, cerebral hypericmia begins with symptoms of ex- 
citement, aometimoa followed by depresHiun. To the first category belong 
the headaohe with sensations of constriction, licst or heaviness, vivid red- 
ness of the face and conjunctiva (with rise of temperature in the exter- 
nal auditory canal), throbbing of the carotids, increased energy of cardiao 
action, fulness and force of the pulse. To those symptoms may be 
added, flashes of light, tinnitus annum, vertigo, and uncertain gait. 

In more severe cases, nausea, vomiting, and hyperesthesia of sight and 
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bearing' are present, with confusion of ideas, or even hallucinations, es- 
citoment, vertigo, and depression. The patient demands quietude, but 
does not Bleep readily, and his slumber is disturbed and broken. After 
awaking, the symptoms have disappeared for the most part, but sometimes 
several relapses may occur. 

The headache is due to afflux of blood to certain parts of the brain and 
to the pressure here exerted upon the dura mater and pia mater, which 
are endowed with a lively sensibility. Vertigo is a frequent symptom, 
both in cerebral hyperiemia and aniemia. Hypenemia causes the vertigo 
found in a large number oC cerebral affections, in the disturbances follow- 
ing alcoholic excesses or mental labors, in cardiac diseases, in abdominal 
congestions, in occupations in which the head must be kept low, etc. Loss 
of the feeling of equilibrium, which appears to have its origin in the unin- 
terrupted centripetal reaction of sensorial impressions and of the muscular 
sense, then occurs. 

Among the symptoms of chronic cerebral congestion is sometimes ob- 
served a peculiar dread in certain places (agoraphobia). I have seen two 
cases following mental overwork. This condition, described by Griesinger, 
West phal, etc,, under the name of "platzangst" (fear of places), seizes 
the patient while traversing streets or open places, narrow lanes, or even 
in the midst of a crowd. Tremors and flashes of heat are superadded to 
the feeling of dread. This pathological condition may exist- in various 
morbid conditions of the brain (anicmia and hyperiemia) and cord, and also 
in hysteria. According to Cordes, it may occur in prolonged gastric dis- 
turbances, and may then be provoked by external influences. 

In chronic forms of cerebral hypenemia, the increase and persistence 
of the pressure give rise to secondary symptoms of depression. Melancho- 
lia, anxiety, weak memory, deficient judgment and wili-force, and some- 
times delirium and insomnia have been observed. The sensibility of the 
limbs is dulled, and one of them may be slightly paretic. The movements 
of the tongue are embarrassed, and speech is confused. The condition of 
depression which follows repeated irritations, or the afflux of blood to the 
head (coup de sang of the French) with temporary dimness o£ vision, 
borders very closely on apoplexy and is ordinarily due to serous transuda- 
tions or to capillary htemorrhages. 

According to the experiments of Kussmaul and Tenner, the re-estab- 
lishment of the current of blood after compression of the arteries in the 
neck, never gives rise to convulsions, despite the intense cerebral hyper- 
femia which occurs. But Landois's investigations have shown that venous 
congestion of the brain (and spinal cord) may produce epileptiform con- 
vulsions. 

Frequent and prolonged congestion in infants may cause, according to 
Rokitansky, hypertrophy of the brain or chronic hydrocephalus. From 
the concurrent investigations of Herrich and Popp, it appears that simple 
cerebral hypenemia is not, as has been hitherto believed, a cause of sudden 
death; pulmonary congestion usually coexists; perhaps, also, the death 
results from sudden paralysis of the vaso-motor centres or of the origin 
of the pneumogastric nerves. We frequently find, in adults, opacity and 
thickening of the meninges with vascular dilatation as a consequence o( 
prolonged hypenemia. 

Diagnosis and Prognosis. 

A positive diagnosis should not be made until the source of the afflux 
of blood to the brain has been discovered. We must, above all, ascertain 
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whether the congestion be not. due to disease of the circulatory or m 
■piratory apparatus, and we should carefully examine the heart, lung^, 
vessels, and abdominal viscera, especially the dig'cstive organs. We must 
also take into consideration the habits of life, and temperament, and deter- 
mine whether the hyperemia does not proceed from an hereditary ab- 
normal excitability of' the nervous centres, or whether chlorosis, an:emia, 
or hysteria do not play a part in the want of resistance in the walla of 
the vessels. Cerebral hypencmia forms part of the obscure, initial symp- 
toms of tumors, encephalitis, tubercular meningitis, and other intercranial 
affections, in which the nature of the disease is only revealed by its fur- 
ther progress or by recourse to the ophthalmoscope. Cerebral con^^estion 
occurs as a complication of hysteria, spinal irritation, many convulsive af- 
fections of central origin, and exhaustion from seminal losses or onanism, 
etc 

The onset of acute cerebral hyperemia is usually marked by the symp- 
toms of irritation already mentioned, ^iz.: violent headache, vertigo, red- 
oess and heat of the face, palpitation of the heart, throbbing of the car- 
otids and radial arteries, hallucinations, and mental excitement. Convul- 
sions and paralyses are not symptoms of cerebral congestion, but belong 
to more serious disorders. The depression symptoms of motion and sen- 
sation, produced by cerebral hypenemia, usually disappear unless the con- 
gestion IS the precursor of apoplexy. 

Theproffnosie depends upon the nature and duration of the case. 

The congestions due to paralysis of the vaso-motor centres, to alter- 
ation in the quality of the biood, to abnormal cerebral excitability, or to 
diseases of the digestive eanal, will recover. But on the other hand, the 



hypenemias which are produced by organic lesions of the vascular system 
or lungs, and those accompanying localized lesions or profound alterations 
in the central nervous system, are beyond the resources of medical art. 

Arterial congestions usually run a more rapid course and have a more 
favorable termination than venous stases. Hypenemia is more serious 
in children than in adults and, among the latter, stout, plethoric subjects 
are more threatened than tall, lean individuals. The violence of the conges- 
tion possesses less prognoBtioiiaportaQee thaa the appearance of symptoms 
of depression. 



If the onset is sudden, we must act with great rapidity, but when 
•afety is again restored, we should endeavor to ascertain and combat the 
cause of the congestion. 

In active hypersemia of intra- cerebral origin, we should employ, in 
■light cases, ablutions with cool water (used morning and evening), wet 
compresses to the calves and enemata of cold water (in constipation add 
sulphate of soda or magnesia, or castor-oil). In severe cases we must ad- 
vise complete quiet and isolation; apply ice bags to the vertex or occiput, 
and leeches to the mastoid processes. At a later period, we would recom- 
mend a purgative mineral water, the prolonged use of milk or skimmed 
milk, and cold baths. 

In passive hyperjemia, we should avoid all constriction from the clothes, 
and produce intestinal derivation (enemata of vinegar or salines). Then 
induce energetic revulsion to the skin, moderate the activity of the heart 
by digitalis, combined with a little quinine or nitrate of potash, and di- 
miiiisb the pulmonary secretions by the use of ipecac, lobelia, etc. If 
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htcmorrhoids have ceased to bleed, &pplv leeohes to the aaus, and when 

the menses have suddenly stopped, they should be restored by the appli- 
cation of the electric brush to the thighs, and by douchea to the loins and 
perineum. In portal cong^estion, advantage is derived from the use of al- 
kaline and saline mineral waters (first allowing the carbonic acid to escape) 
from a diet of milk, skimmed milk or grapes, and from cool sits-baths ana 
abdominal douches. 

In hyperemia due to exaggerated eKcitability of the vaso-motor cen- 
tres, and to changes in the blood, we must rely upon a sojourn among the 
mountains, and upon the use of weak, ferruginous waters. The method- 
ical employment of hydropathio measures is especially serviceable against 
increased reflex excitability 

But we must refrain, in very impressionable patients, from the employ- 
ment of exciting agents (cold baths, douches, etc.), and must rest content 
with slightly cooled sitz-baths, and gentle affusions to the head and neck. 
Hydropathic treatment is not indicated in congestion due to organic dis- 
eases of the heart, advanced atheroma of the arteries, and in severe pas- 
sive hyper.'emia. 

The slight antiphlogistic medication above referred to, will suffice when 
the irritative phenomena are mode. ate. The appearance of symptoms of 
depression or of stasis may demand copious venesection. This should only 
be performed if the patient is robust, the heart's action energetic, and the 
pulse full and hard. In old people with poor nutrition, and when the ac- 
tion ot the heart ia feeble, and the pulse soft and irregular, venesection 
is contra-indicated, and we must rely upon derivatives and revulsives. 

In insolation, good results have been seen from the use of cold affusions, 
preceded by local abstraction of blood. In chronic cerebral congestions, 
with tendency to relapse, the therapeutio indications are furnished by the 
primary disease. In incurable organic affections, sedatives should be em- 
ployed. In chronic alcoholism and in the hypenemias caused by moral 
causes, mental fatigue, and disturbances of digestion, the hygienic condi- 
tions and manner of life must be regulated. We should advise rest, a trip 
to the country, the cautious employment of hydropathic measures, and 
sea-baths. Insomnia is very frequent, and docs not always yield to nar- 
cotics. When uncomplicated by any organic disease, I have derivedgreat 
benefit from the use of half-baths in the evening flowering the tempera- 
ture from '40' to 18° or 10° 0.) with affusions to the back and head, and 
followed by a light supper. The feelings of terror which occur, some- 
times disappear after the employment of hydrotherapeutko measures, aa ia 
proven by the recent observations of Cordes. 
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Paiholagical Anatomy and Physiology. 

CATiLXJJCt hasmorrhages appe&r as Bmall points, nearly as I&rga u a miL 
let seed, and situated more or less closely to one another. They are usu- 
ally found in the gray substance of the convolutions or contrai portions. 
The surrounding parts are softened, reddish, tinged with blood, the nerve 
fibres are separated, and the caplilanes are softeneH, friable and infiltrated 
with gran alo -fatty matter. Virchow has shown that capillary hiemorrh ages 
cause either hemorrhagic infarctions in consequence of capillary embolisni, 
or the commencement of red softening or finally capillary dilatations. 
According to Rolcitaiisky, capillary hinmorrhages may be situated so cIoBcly, 
M to constitute a large foyer. 

Htemorrhagic foci of this nature, or large extravasations due to rup 
ture of the arteries, form rounded or elongated cavities in the direction of 
the fibres. Their form and dimensions present great variations, since the 
lesion may be limited to a part of the brain, or occupy an entire hemi- 
sphere, may penetrate into the ventricle or break through the cortical sub- 
stance and pia mater into the subarachnoid space. Large hieniorrhages 
may pass from the lateral into the third ventricle through the foramen of 
Monro, or by destruction of the intermediate portions, or may pass into 
the fourth ventricle through the canal of Sylvius. 

The hjemorrhagic foyer rarely contains less than 3-4 grms, of blood, 
•nd more often the quantity varies from ^0-60 grma. (In large h»!mor- 
rhages, it may amount to from SOO-350 grms.) Recent hjemorrhages con- 
tain the remains of small vessels which present considerable changes in 
their walls, in addition to blood and debris of cerebral substance. 

Position of the extravasation. The apoplexy is situated superficially 
when due to lesions in the convolutions or adjacent structures, as in 
thrombosis of the sinuses and meningeal veins, or when it has been 
caused by proximity to localized processes. It is situated deeply and cen- 
trally when it attacks the chief centres of the cerebral functions. 

Recent histological and experimental investigations throw more and 
more doubt upon the motor properties of the optic thalamus, while the in- 
fluence of the lenticular nucleus upon voluntary motion is demonstrated 
by a large number of autopsies in cases of apoplexy. 

In 103 autopsies upon cases of apoplexy, made at the Vienna Genera] 
Hospital, the hemorrhage or apoplectic cyst was situated 

In the corpus striatum alone 32 times 

" " nucleus lentiformis alone 20 " 

" both these ganglia combined 8 " 

" " oorp, striat. and optic thalamus 7 " 
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In the lenticular nucleus and other parts (centrum 
Bemiovale, occipital lobe, island of Reil, pons 
and oerebelluni) 

" " optio thalamus alone 

" " optio thalam. and corp. striat. of both sides (re- 
cent hfemorrbagos and old cicatrices) 

" " optic thalam. and lent, nucleus of both sides 

" " centrum semiovale 

*' " parietal lobe 

Total 103 " 

It is evident from this table that the corpus striatum and lenticulai: 
nucleus were the seat of the hiBmorrhage in more than two-thirds of the 
cases. It is often localized in certain portions of the coqjus striatum oi 
lenticular nucleus, wliich are nourished by small vessels passing off from 
several arteries at dilTcront heights (arteries of the corpus callosum, of the 
Sylvian tissure, or branches of the posterior communicating artery). 
(Heubnerand Durct.) 

According to mioroscopical researches, the corpus striatum and lenti- 
cular nucleus serve as the central origin for the fibres which pass through 
the foot of the cerebral peduncle and are, consequently, the prolongation 
of the pyramids. Since, on the other hand, the two cerebral ganglia con- 
tain the peripheral portion of the corona radiata, which has its origin in 
the cortical substance of the brain, they constitute also the paths for ,tha 
transmission of motor stimuli from the cerebral cortex to the anterior 
roots. According to Buschke's measurements, the lenticular nucleus, in 
adnlts, is the largest and most important of the central ganglia. Accord- 
ing to Meynert, the cerebral lobes and the foot of the cerebral peduncle, 
with its ganglia, are the most developed organs in the human brain, and 
the lenticular nucleus is so much larger, that the corjius striatum appears 
to be dependent upon a part of tho brain which has been arrested in its 
development, viz.: the olfactory lobe. On the other hand, the ganglia of 
the tegmentum of the cerebral peduncle (the optic thalamus and corpora 
quadrigemina, which serve as tbe origin of the posterior spinal roots), are 
much less developed in the human brain. 

These anatomical facts agree with the more recent researches upon tho 
functions of the different parts of the brai:i. According to the investiga- 
Uons of Nothnagcl (Viioh. Atch., LVII. Bd., 2 H., 1873), who injected 
small quantities of chrumie acid into different parts of the c<ti,.?x, the len- 
ticular nucleus in rabbits is chiefly an organ for the transmission of motor 
impulses. When the injection is made into the anterior or middle por- 
tions, deflection of the limbs and vertebral oolunin is produced. Lesions 
of certain portions of the corpus striatum produced analogous motor dis- 
turbances. Ferrler's experiments (Lon. Med, Record, 18, 1873) upon 
tbe monkey and other animals, demonstrated that the corpus striatum 
acts upon the muscles of the opposite side of the body. When tho irri- 

Itation was great, the action of the flexors exceeded that of the extensors. 
The optic thalamus, according to Ferrier, plays no part in the production 
of movements. 
We will now investigate the course and sequences of a cerebral hiem- 
orrhage. Recovery usually takes place by the formation of false mem- 
branes and by the secretion of a serous fluid which dissolves the blood 
dots and the debris of the cerebral tissue. This assumes a yellowish oi 
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brownish color from admixture with derivatives of hetrtatine. The cavi- 
ties thus formed are traversed by pigmented vascular bands of connective 
tissue and contain a yellowish fluid. These cavities are formed within 2-3 
months after the occurrence of the hemorrhage, and are known as apo- 
plectic cysts. In favorable cases, the connective tisBue retracts, the walls 
approach one another and coalesce, the capillaries become obliterated and 
a stellated apoplectic cicatrix results. 

Great importance must be attached to the secondary lesions of nutri- 
tion which are produced as a consequence of hemorrhage iu the paths of 
transmission of motor and sensory impulses. 

With regard to the motor tracts, Tuerck first demonstrated (Sitz. der 
Wiener Acad. d. Wiss., VI. Bd., 1851) that a foyer of hiemorrhage or en- 
cephalitis situated in the optic thalamus, corpus striatum and lenticular 
nucleus, will produce an atrophic degeneration in the lateral columns of 
the pyramid, along the longitudinal Kbrea of the cerebral peduncle to the 
corresponding part of the pons, and thus to the pyramid and to the pos- 
terior half of the opposite lateral column. It also partially affects the an- 
terior column of the same side, but only in the internal portion, bordering 
on the anterior sulcus. 
According to Bouchard 
(Archiv. gun. de m6d., 
18C6) these secondary de- 
generations do not follow 
lesions of the corpus stria- 
tum, the optic thalamus, 
and third segment of the 
lenticular nucleus, or su- 
perficial lesions of the cor- 
tical substance. On the 
other hand, they always 
exist in lesions " en foyer " of the anterior two-thirds of the internal cap- 
sule, of the first and second segments of the lenticular nucleus, and m 
profound lesions of the cortical substance corresponding to the psycho- 
motorcentres of the brain (Charcot), 

To Tuerck, also, we owe our first conceptions of the anatomical changes 
in the sensory tracts (Sitzber.d.Kais. Acad. d. Wiss. XXXVl. Bd., 1859). 
In four cases of persistent anaesthesia in the paralyzed limbs of hemiplegic 
patients, the autopsy and microscopical examination proved the exist- 
ence of foyers of hiemorrhage and softening (cellular infiltration), at 
the external periphery of the optic thalami, and measuring from eight 
lines to one inch, an tero- posteriorly, and two inches in the medullary sub- 
stance. The portions affected were the superior and external parts of the 
optic thalamus, the third segment of the lenticular nucleus, the posterior 
portion of the internal capsule, the portion of the corona radiata which 
passes this point, and the adjacent part of the medullary substance of the 
superior lobe. The secondary development of granular corpuscles, in some 
parts of the columns of the cord, had no influence upon the production of 
aiUBsthesia. According to the researches of Meissner upon the nerve 
fibres of the tactile corpuscles in central anteethesia, the atrophy may also 
affect the peripheral nervous system. 

As complementary to the facts discovered by Tuerck regarding lesions 
of the sensory tracts, I have set forth (Wochenbl. ges d. Aerzto, n. 15, 
1870) the results of seven autopsies, to which I must now add an eighth 
ease since observed, iu which left hemiplegia and hemiamestheaia were 
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caused by two apoplectic cysts in tlie right lenticular nucleus with a. spot 
of softening a» large as an almond in tlie external part of the optic tlialamus 
(masses of granular corpuscles extending to the posterior lobes). 

In the cases in question, the persistent apoplectic aniesthesias were 
produced by irreparable lesions of the paths of transmission. Spots of 
softening, of the size of a bean or almond, formed by the debris of nerve 
fibres and accumulations of nuclei, existed in the white substance between 
the cerebral ganglia, especially between the optio thalamus and lenticular 
nucleus, and in the tissue which unites these to the cerebral lobes. The 
anatomical lesions, in the slight and incomplete anscsthestas, were cedema 
of the same portions (especially the posterior part of the lenticular nucle- 
us) combined with intense hyperemia or capillary hie morrh ages. Micro- 
scopical examinations of sections of the brain prove that the parts men- 
tioned form the expansion of the posterior columns which, according to 
Luys and Meynert, decussate in the medulla oblongata, and pass along the 
pons varolii and external part of the foot of the cerebral peduncle towards 
the white substance, between the optio thalamus and lenticular nucleus 
(internal capsule). 

The sensory rfile of these nerve-fibres is still further confirmed by the 
disturbances of sensation observed from lesions in the intermediate portions 
of their course. Andral and Friedreich have seen sensory disturbances 
on the side opposite to the lesion in tumors adjacent to the optic thalamus 
and, more recently, Charcot has made similar observations in hiumorrhage 
or softening in the posterior portion of the optio thalamus and neighbor- 
ing parts of the hemisphere (with hemiplegia tremor), Sensation is affect- 
ed on the opposite side of the body when new growths develop in the 
peduncles. A diminution of sensation often occurs on the opposite side 
m tumors of the pons varolii and medulla oblongata. 

From the evidence adduced, it appears that the sensory fibres decus- 
sate in the medulla oblongata, passing through its posterior part, and 
through the external fasciculus of the foot of the cerebral peduncle, and 
terminate in the tissues situated between the cerebral ganglia, in the pos- 
tero-external portion of the optic thalamus, and in its connections with 
the occipital, and perhaps with the temporal lobe. Pathological facts 
serve to show the central seat of sensibility in the brain better than phys- 
iologioal experiments. Thus, the production of hemianesthesia observed 
by VeyssiSre f Arch, de Physiol., 1874, p. 288) in dogs, after lesions of the 
internal capsule, is less satisfactory than the results obtained in human 
pathology. According to the latest researches of Carville and Duret, le- 
sions of the anterior part of the internal oapsule (beneath the ventriculitr 
surface of the lenticular nucleus) produce complete hemiplegia. lesions 
of the posterior portion of the internal capsule (between the optic thala- 
mus and lenticular nucleus) produce heraianEestbesia on tl'e opposite side. 



Lesions of the vascular system play the most important part in the 
pathogeny of cerebral hsemorrhage, since the extravasation is caused by 
rupture of cerebral arterioles. 

This rupture arises from degeneration and weakness of the vascular 

walls, or from an increase of arterial pressure, or from both combined; or 

1 rupture may be due to the debilitating eSect of certain diseases upon 

I vascular tissue, or, finally, to degeceration of the cerebral tissue which 

has, at a later period, involved the blood-vessels. 
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The most frequent cause, however, is the degeneration of the vascular 
walla. Until recently, the disposition to cerebral hemorrhage waa attrib- 
uted to atheroma of the large cerebral arteries and to the friability of the 
vaaoular walls accompanying old age, and which is explained by fatty or 
calcareous degeneration, especially of the internal coat. 

More than twenty years ago, Paget (Lond. Med. Gaz., Feb., 1850) 
called attention to the fatty degeneration of the small cerebral arteries in 
cases of apoplexy. Almost at the same time, Koelliker (Zeits. f. wisa, 
Zool., t, I.) and Pestalozsi (Ueber aneurystnata spuria d. Kleinen Himsrt, 
hri Apoplexie, 1849) found, upon arteries whose diameter varied from 
O'Oa to 0'009, hiemorrhagio extravaaationa which, after rupture of the inter- 
nal and middle coats, had become lodged between these and the tunica 
adventitia, and had distended the latter into a Dask-shape. Shortly after, 
Wedl obtained analogous results and also observed obstruction of the 
vessels from cellular proliferation (GrundzUge d. path. Hist. Vienna, 185!!). 
Bnimmerstaedt and Moosherr (TJeber d, path. Verhalten d. klein. Hirn- 
gefiisse, Wurzburg, 1854) described in detail the fatty degeneration ob- 
Berved in twenty-one ca^es, in the small cerebral arteries, and which usually 
affected the middle coat, more rarely the internal tunic. 

The arterial dilatations have more recently received their true inter- 
pretation in the pathogeny of cerebral hemorrhages, at the hands of 
Charcot and Bouchard (Arch, de Physiol., 1868, p. 110). The miliary 
aneurisms found by these observers in sixty cases, upon the small cerebral 
arteries, appeared like small nodosities, of the size of a millet-seed to that 
of a pin's head, sometimes isolated, Boroetimes scattered throughout the 
entire brain in large numbers. They may be present without coexisting 
sclerosis of the arteries at the base. In miliary aneurisms, following in- 
flammation of the lymphatic sheaths of the arterioles and atrophy of the 
muscular elements, the internal coats first give way and the distended tu- 
nica adventitia then gives rise to a dissecting hemorrhage. This condition 
may last a long time, resulting in the formation of a small mass of pig- 
ment, or the tunica adventitia may also rupture, giving rise to a true cere- 
bral hiemorrhage. This lesion increases in fre(]uency after the age of 
fifty; it is more infrequent before this period, but exceptionally appears 
below the age of twenty. 

The latest investigations of Zenker (45th Congress of German Natu- 
ralists and Physicians) i.!\ve also demonstrated that a microscopical exam- 
ination of these aneurisms and the arteries upon which they are situ- 
ated, reveals the same tendency to sclerosis (thickening, soraotimas fatty 
degeneration) in the internal coat that has been recognized for a long 
time in the large arteries. The miliary aneurisms are thus the results of 
arterio-Bclerosis carried to its highest development and affecting the final 
ramifications of the vessels. There is, therefore, a perfect analogy between 
apoplexy and extra-cerebral hiemorrhages at the base, whitih usually result 
from rupture of an aneurism situated in the arteries at the base of the brain. 
' The vascular dilatation and atheroma attain their highest development 
in the corpus striatum and lenticular nucleus, then in the Optic thalamus 
and other portions of the brain which are most frequently the seat o( 
hiemorrhage. 

The vascular lesion may exist for a long time without any evil results, 
but it becomes dangerous when an increase of vascular pressure is super- 
added to the cerebral arterio-sclerosis. 

This may occur from lesions of the brain itself or from peripheral dl» 
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To the 6rat cla» belong the arterial congestions due to a penistenl 
eteration of pressure Jn the aortic system and to psychical or toxic irri- 
tation; the arrest of circulation due to vascular spasm in epilepsy and 
eclampsia; the passive congestions following thrombosis of the sinuses or 
of the veins of llie pia mater; the dilatation and rupture of capill&ries from 
pigment emboli (Virchow); the accumulation of nhite blood -clobu lea in 
pyiL-mia(Rolcitansky), and id leukemia (Ollivier and lianvier). In th« 
same class we must also place tbe hemorrhages which sometimes occur in 
the frctus and which may have been recovered from at the time of birth 
(ilolcitansky). 

In hemorrhages within the domain of certain cerebral arteries, we 
•hould carefully examine the condition of the nutrient vessels, according 
to the topographical relations indicated by Heubner (Centralb. (. roed. 
Wisa., No. 73, IS?:;^). This applies especially to the circle of Willis and to 
the large trunks of the base, which nourish the motor ganglia and corre- 
sponding part of the middle lobe. As Heubner pointed out, these vessels 
do not anastomose with each other, and are distributed to perfectly dis- 
tinct regions (terminal arteries of Cohnheim). The vessels of the cortical 
substance which anastomose with each other, in the pia mater, are rarely 
the seat of hn^morrhages. 

Among the peripheral causes of cerebral hieraorrha^e, we may mention : 
constriction of the venous oriRces, valvular lesions, hypertrophy of the 
left ventricle (the compensatory action of which does not continue long, 
and which gives rise, secondarily, according to Traube, to arterio-sclerosia), 
thrombosis and rupture of the cerebral arteries. Hypertrophy of the 
heart favors the production of cerebral hiemorrhage when the cireulatior. 
is obstructed peripherally {pulmonary emphysema, atrophic kidneys, dif- 
fuse a rterio -sclerosis, compression of the jugular veins or superior venft 
cava, etc.). 

It was, for a long time, supposed that an alteration in the blood 
occurred in cerebral apoplexy. More modern researches place the real 
cause in changes of the vascular walls or cerebral substance. Thus, we 
often find fatty degeneration of the small cerebral vessels in cachectic in- 
fants. Chlorosis also favors the early production of apoplexy. Virchow 
has lately described in this disease a condition known as hypoplasia of the 
vascular system (Intelligenzbl. 29, IS72), the characteristics of which oon- 
rist in diminution of the calibre of the arteries, attenuation of their walls, 
md the proaence of wavy or reticulated projections from their inner coat. 
They show a marked tendency to fatty degeneration, not only of their 
inner coat, as in atheroma, but also in the external layers. Changes in the 
middle coat of the vessels and in the heart are more rare in chlorosis, but 
they occur with frequency in the puerperal condition. Moynert has seen 
capillary aneurisms in the pons varolii and peduncle {Wochenbl. d, Ges. 
d. Aeritte, July, 18C4) in scorbutus. In syphilitic cerebral diseases, Vir- 
chow, Passavant, and Heubner have found exudations around the arteries 
at the base and in the walla of the small cerebral vessels. Chronic alcohol- 
ism is also a frequent cause of fatty degeneration of cerebral capillaries. 

It is very doubtful whether changea in the cerebral substance alone are 
sufficient to produce apoplexy. The more or less circumscribed lesions of 
the cerebral parenchyma, with extravasation, which are observed in tumors, 
softening, etc., are evidently due to arrest of the collateral circulation, to 
secondary lesions of the alTerent vessels, or to granulo-fatty infiltratioa 
of the walls of the capillaries. We have no proof that hiemorrhagea 
ooour in primary cerebral atrophy solely from " abhorrence of a vacuum," 
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»nd from Increase in the current of blood in consequence of the decrease 
in the cerebral maaa. If we take into conaidoration the advanced age of 
theae patients, it will be more rational to regard circulatory disturbances 
and changes in the vascular system aa the causes of the hiemorrhage. 
Temperament and constitution have also been considered as predispoainfl 
causes of apoplexy, but careful observation disproves this opinion. Bad 
diet, mental and physical over-exertion, constipation, vomiting, excesses, 
forced expiratory movements, etc., have been regarded as accidental 
causes. But only a secondary importance must be attached to all 
these factors, and they never give rise to a cerebral hemorrhage when th« 
vascular apparatus of the brain is intact. In many cases, heredity is a 
predisposing cause of apoplexy. 

Age exerts a marked influence on the occurrence of the disease in 
question. According to Burrowa's statistics, apoplexy occurs in the pro- 
portion of 5.3 per 1,000 between the ages of ^0 and 30; of 12 per 1,000 be- 
tween 30^0 years; of 33.3 per 1,000 between 40-50 years; of 31.3 per 
1,000 between 50-60 years; of 54 per 1,000 between 60-70 years; and of 
60 per 1,000 between 70-80 years. According to Sormani's atatistics of 
5,678 cases (Riv. Clin., 2 series, Dec, 1873), cerebral ha-morrhage is rare 
between the ages of 4 and 22 years; between 33 and 50 years, the mortal- 
ity increases with the age and rises still higher after the fiftieth year. 
The mortality from apoplexy is very large also in children, especially in 
infancy. 

Sormani and Mandillon's statiatica show that apoplexy is more frequent 
in cold aeasona, a atatemeiit which agrees in part, but not entirely, with 
the observations made in Vienna, Sormani states that there are two 
periods of maximum occurrence in the 24 hours, the one from 3-5 o'clock 
in the afternoon, the other from 2—1 o'clock in the morning; this is un- 
doubtedly due to the effect of the day's work, of the ingeation of the 
meals, and of the use of spirituous liquora. The male sex is more subject 
to apoplexy than the female, owing to the more laborious work performed 
by men, and to the greater frequency in them of diseases of the heart aod 
vessels. 

Symptom atology. 

An attack of apoplexy is usually preceded by prodromal symptoms of 
cerebral irritation. Those consist of headache or a feeling of constriction 
in the head, dizziness, flushing or pallor of the face, ringing in the ears, 
nausea, weakness of memory, extreme irritability, tremor or diaseniinated 
neuralgic pains, a feeling of heaviness or stiffness in the limba, difficulty 
of speech, irregularity of the heart's action and retardation (in rare cases, 
acceleration) of the pnlse. 

After the premonitory stage, the apoplectic attack usually occurs 
with a certain suddenness, although the symptoms may also develop 
slowly. We may classify the forms of this disease as alight, moderate, 
nd severe. The slight caaea are those in which cbnsciouaness is retained 
r disturbed only for a short time, or in which slight alterations of sensi- 
bility, and muscular paresis limited to the face, tongue, or one limb ensue, 
but soon disappear spontaneously. 

In the moderate forms, after a more or less complete loss of conscious- 

!ss, hemiplegia of motion and sensation and difficulty of speech peraist. 

Consciousness is often restored only at the end of several houra, but even 

during coma we may reoognite the paralyzed aide, despite the general 



jod, it will drop 



OLUnuAL TOKATISS OS 

muscular resolution, by tbe fact that when the limb i; 
inertly; the face is also paralyzed on one side. Heflex excitability ia 
usually abolished, respiration la very labored and irregular, the face is 
, tumefied and oyanoHed from venoua congestion, the pulse is small end 
frequent, but deglutition is still possible. The return of rellex movements 
ordinarily precedes the restorntion of consciousness. The mental faculties 
recover little by little, the patient being still stunned when he begins to 
look around him, memory is confused, speech difficult, the tongue, when 
protruded, deviates to one side, and the paralyzed limbs do not perform 
any active movements. At a later period the hemiplegia improves (it 
rarely disappears entirely), and the patient may remain in this state for 
several years, or may sustain other attacks which aggravate his paralysis 
and general condition. 

In the severe forms of apoplexy {with the exception of the immedi- 
ately fatal fulminant cases), the extent of the cerebral affection, the par- 
ticipation of the lateral ventricles, and the increase of pressure, may oause 
death within a few hours or days. Profound coma, slow pulse and respi- 
ration, resolution of all the limbs, relaxation of the sphincters, absence 
of reflex movements, and immobility of the pupils, are the grave symji- 
toms which indicate that life is seriously endangered. 

If the coma remains profound into the second half of the day fol- 
lowing the attack, if the temperature is at first considerably lowered (to 
35.5"" C.,) and then rises to 42= C. (Bourneville), if all the above-men- 
tioned .symptoms of depression remain unchanged, with complete inability 
to swallow, we must apprehend the near approach of death. This ensues 
with the symptoms of paralysis of the respiratory and circulatory centrea. 
The gradual return of the sensibility of the pupila, and of reflex contrac- 
tility indicates a diminution of the intra-cerebral pressure, a fact which 
is still further confirmed by the restoration of consciousness. 

It goes without saying that the intensity and extent of all thesa 
symptoms is the surest criterion of the gravity of the hsemorrhagfl. Even 
when the symptoms are progressing favorably, new dangers may arise 
from inflammatory reaction around the h.'emorrhage. This reaction is 
sometimes ao slight that it does not interfere appreciably with recovery. 
In the majority of cases, inflammatory symptoms make their appearance 
some days after the attack. The patient becomes anxious, is affected 
with pain or heaviness in the head, and delirium, and with contracture of 
the paralyzed limbs, affecting especially the flexors. The congestion of 
the face, elevation of temperature, slowing of the pulse and respirations, 
and the mental disturbances prove the existence of an inflammatory pro- 
n the brain. This condition disappears, in favorable cases, at the 
end of several days, or latest, at the end of a week. 
when the inflammation extends for some diata 
haemorrhage, and collateral oedema of the bi 
usually occurs rapidly in the midst of coma, 
and respiration, and elevation of the temperati 
to Boumeviile). ' 

When the acute stage of cerebral hremorrhag^ (comprising the attack 
itself and the period of inilammatory reaction) Js passed, we find ourselves 
face to face with the chronic sequences of cerebral apoplexy. In the front 
rank must be placed the disorders of motion, which are at once the most 
troublesome and the most evident. They consist of paralyses or pareses 
aflfpcting the muscles of one eye, one-half of the face and tongue, and tha 
limbs on one Side of the body. 
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Of the ocular mitscles, the right intemus is oftener affected than the 
riglit extenitis. According to Prevost, conjugate deviation of the eyes 
and rotation of the head to the side of the hiemorrhage or softening occur 
especially in sudden attacks, and are more apt to be present, the nearer the 
lesion ia to the corpus atriatuin and expansions of the cerebral peduncles. 
The paroses of the ocular muscles usually last for a short time. In the J'ace, 
the paralysis involves, by preference, the elevators of the wing of the nose 
and of the labial commissure, and sometimes the buccinator and the respira- 
tory filaments of the facial nerve, whose centre is in the cerebral ganglia. 
Judging from the results of experiments on animals, irritation of the cor- 
pus striatum and optic thalamus should produce contraction of the mus- 
cles on the opposite side of the face (Eckhard, Experiment. Phya. des 
Nervensystems, I8t!7, p. 157). Lesion of the peduncle at the inferior sur- 
face of the lenticular nucleus may, according to Huguenin, produce isolated 
paralysis of the orbicularis palpebrarum. In the rare oases in which the 
paralysis involves the entire domain of the facial nerve, it may also impli- 
cate the branches which advance into the cortical layer of the anterior lobe, 
&iid whose centre has been found, according to Hitzig and Fritsch, at the 
boundary of the inferior and middle third of the anterior central convolu- 
tion. Sometimes, also, the temporal lobe is affected (Uhvostek), Duplay 
has observed the exceedingly rare occurrence of completely isolated paral- 
yses of individual muscles of the face in circumscribed lesions, once in the 
corpus striatum, and again in the optic thalamus {Union Mei, 1857, No. 
100-102). 

Jn pnrali/sis of the tongue, the organ is protruded with difficulty and 
deviates to the paralyzed side. This symptom, which also occurs after 
section of one of the hypoglossal nerves, is caused, according to Sohiff, by 
the predominance of the sound genioglossus, the fibres of vfhich draw tho 
tip of the tongue to the opposite side. When the tongue is carried back, 
it deviates to the sound side, owing to the contraction of the styloglossus 
muscle. 

The paralj/sis oftheUmhs usually affects the side of the body opposite 
to the seat of hiemorrhage. It ia generally more marked in the upper than 
in the lower limb, and especially in the extensors of the fingers and hand. 
When the paralysis affects the extensors of the thighs, the patient cannot 
use the paralyzed leg in walking, except by bringing the muscles of the 
trunk and pelvis into play and the limb then describes slight oscillations 
from behind forward. The lower limb generally recovers more rapidly and 
to a greater extent than the upper, but the contrary is sometimes observed. 
When the paralysis of the extensors continues a long time and is compli- 
cated with muscular atrophy, it is followed b^ contracture of the ilexors 
nf the arm and fingers. 

When the hemiplegia m situated on the same side as the cerebral hcem- 
orrhage, we never find a lesion in the corpus striatum or lenticular nu- 
cleus of one side alone. It also exists in the corresponding cerebral lobe, 
and ooncomitant softening or cedema of the cerebral substance is equally 
evident in the opposite hemisphere, 
^L The electrical reactiaiis of the paralyzed muscles present no apprecia- 

^E ble differences from those of the unaiTected side. It is only in old and 
^M complete paralyses of adults that we can observe a reduction of faradlo 
^1 excitability in the muscles of the contractured limbs, due to atrophy and 
^1 degeneration of the muscles. The galvanic excitability of the nerves is 
^1 increased at the onset of the attack. 
^B The duturlMtnoea of aeiisalion form a second class of changes follow- 
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ing in the train of apoplexy. It was formerly held that disturbnncGS of 
sensation were a relatively rare complipation, hut at the present time they 
are not regarded as exceptional occurrenees. From a careful examination 
of about fifty cases of hemiplegia from cerebral htemorrhage, 1 find that 
nearly all are accompanied, after a variable period, b_y disturbances of sen- 
sation which are manifested either by diminution or by abolition of oW- 
tro-outaneous or electro- muscular sensibility. The sensibility is usually 
restored at an early period, or at the close of the first week. In certain 
profound lesions of which we have spoken, the antesthesia involves the 
skin, the muscles, and even the smaller joints. Passive movements and 
electrical contractions are not perceived by the patient although voluntary 
movements can still be performed. Sometimes the brBchial plexus and 
certain nerve trunks also take part in the an.nesthesia, which extends over 
the paralyzed half of the body and face as far as the median line. The 
parotid and masseteric regions, innervated by the third cervical nerve, and 
the region to which the auriculo -temp oral and occipital nerves are distri- 
buted, usually escape. 

In most cases the paralysis of sensation disappears more rapidly than 
that of motion. The return of sensibility may be complete, but sometimes 
the functions of the sensory nerves remain permanently changed {sensa- 
tion of cloth upon the skin, or formications). There are few cases in which 
motion is entirely i-estored, sensation meanwhile remaining permanently 
abolished. 

The recovery from profound an.-esthesias of apoplectic origin follows a 
centrifugal course. When the anfesthesia disappears it immediately gives 
place to hyperiesthesia, and the latter may show itself in the superior parta 
while the inferior portions are still amesthetic. The deeper layers recover 
their sensibility sooner than the superficial ones, and the nerves before the 
muscles and skin. Electrical sensibility usually returns before the sensi- 
bility to mechanical irritants and temperature, and also before redex sen- 
sibility. 

The different varieties of sensation may be more or less affected in 
apoplexy. Spring and Landois and Mosler have seen two cases in which 
analgesia and loss of sensibility to temperature existed, although tactile 
sensation and power of localization were normal. In some cases, insensi- 
bility to changes of temperature is alone present. These observations 
support the hypothesis of the existence of distinct centres for the differ- 
ent varieties of sensation. Reflex excitability is usually increased. 

The " tendon reflex " described by Erb and Westphal (Arch, f. Psych, 
u. Nervenk., Bd. I.), which is especially noticeable when the iigamentum pa- 
tellse is gently struck, is easily obtained upon the paralyzed side. It 
is followed by rapid contraction of the triceps femoris, with extension ol 
the previously flexed thigh. I have even seen it followed by strong con- 
cussion of thtj upper part of the body, altho'igh percussion of the Iigamen- 
tum patell» on the sound side merely produced feeble muscular contrao- 

Sympathetic movements appear in the paralyzed limbs as a consequence 
of mental excitement, in coughing, yawning, sneeKing, micturition, defe- 
cation, and during vigorous movements of the healthy side. This phe- 
nomenon is especially well-marked, according to Westphal, in hemiplegia 
with contracture dating from childhood. 

The orffliM of settse are more or less affected in apoplexy, but in most 

they promptly recover their function. Persistent alterations of 

light and hearing are due to increase of intracranial pressure and couae- 
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quent stasea. Schmidt (Arch. f. Anat. u. Pbysiol., 1869, p. 152) has ex- 
perimenta,lly demonstrated the existence of a communication between the 
cavity of the arachnoid and the lamina cribrosa, and E. Weber (Monatsb. f. 
Ohrenheillc., 8, 18B9) has discovered an analogous relation between the cav- 
ity of the arachnoid ftnd the labyrinth of the ear. The amauroses some- 
times observed before or with apoplectic paralyses, may be duo to embo- 
lism of the central artery of the retina, or to haemorrhage in the sheath of 
the optic nerve, in the corpora geniculata, or in the corp. quadrigemina. 

Disorders of intelligence either precede or follow cerebral hajmorrhage. 
Experience has shown that psychical disturbances after hemorrhage de- 
peDd less upon the situation than upon the amount of the extravasation. 
Everything depends (according to Heubner) upon the pressure sustained 
by the large meshes formed in the pia mater by the cerebral arteries, and 
by the vessels of the cortex which pass off from the former at right angles. 
In slight circulatory disturbances of the cortical substance, the intelligence 
remains intact or is only altered to a slight extent. In large extravasa- 
tions and in huemorrhages into the cortical substance, the loss of conscious- 
ness is complete, the coma is profound and persistent, and if the attack 
does not prove fatal, more or less serious disorders of tha psychical facul- 
ties become permanent and are manifested by feebleness of intelli- 
gence and memory, by apathy, childish ideas, and by inclination to weep, 
(more rarely by an irresistible inclination to laugh in the midst of serious 
conversation). Insanity, properly speaking, is exceptionaL 

In most cases we find, in the beginning, an elevation of temperature 
varying, according to Folet and others, from 0,3°-0,9° C, but never 
reaching V in the axilla. Charcot has found an elevation of 3", 4°, and 
even 9° in the hands. At a more advanced stage of the paralysis, the tem- 
perature becomes normal, and later still, when progressive paralytic atro- 
»phy occurs, it is subnormal. In many cases, Charcot has seen the blood 
of the paralyzed side redder than that of the sound side. 
Eulenburg (Berl. klin. W'schr., 1868) has shown, by the sphygmo- 
c;raph, that the arterial tension is lessened in the paralyzed limbs. The 
initial elevation of temperature and its subsequent fall are explained by 
paralysis of the vaso-motor nerves in the cerebral -peduncles, by the per- 
sistent slowness of the circulation, and by the passive hyperffimia, 

» Certain disturbances — viz.: bed-sores and articular swellings, which, 

according to Charcot (Lejons sur les maladies du systfime nerveux, pp. 68- 
106) are of a trophic nature — remain to be discussed. 
Acute bed-sores appear (in hemorrhages and other cerebral affections) 
upon the paralyzed side from the second to the fourth day of the disease, 
under the form of erythematous patches (towards the centre of the sacral 
region). A central bulla quickly forms and opens, leaving the derma 
bare and strewn with deep violet specks. Excoriation rapidly occurs, and 
at the end of a few days, a dry, brownish crust, 6-7 centimetres in diame- 
ter, forms in the centre. 

Death usually occurs before the eschar commences to detach itself at 
the borders. The eschar is confined to the paralyzed side, or may also ex- 
tend to the sound aide, but less rapidly and to a slighter extent. It is 
still impossible to determine whether these trophic lesions depend upon 
hyperKmia from paralysis or whether, according to Charcot, they are the 
_ result of the irritation of certain portions of the brain presiding over the 
K nutrition of the parts involved, 

H Arthropathies in hffmiplegia from cerebral hcemorrhage have been de- 

H Kribed by Scott Alison, Brown-S^uard, and especially by Charcot. They 
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occur most frequently in tho shoulder, and more rarely in the knee, elbow, 
or wrist. The joint is swollen (not a.'dematous), hot and moist, psinfnl 
during motion, and sometimes spontaneously. 

Upon autopsy, we find the synovial membrane swollen, villous, andin- 
jeoted, proliferation of cells and connective tissue, and development of 
capillary vessolit, and sometimes an socumulatioo of serum; in two cases, 
the median nerve was thickened and injected. Brown-S^uard and Cbar> 
oot consider these hemiple^c arthropathies as neuro-paralytic in character. 

Special Sthptoub DEPKNDDfa dton toe Skat ot the Hamobbhaos. 

Hcernorrhage in the Cortical Sub*tanc6. — Psychical troubles play the 
chief part in these hsmorrhag^a. Extravasations limited to the cerebraJ 
convolutions are manifested in the beginning by loss of consciousness, 
convulsions, muscular spasms of the face, and disturbances of the special 
■eases. Extravasationa involving the cortex of tho aphenoidal and occip- 
ital lobes have no effect upon voluntary motion. The recent researches of 
Charcot and Pitres (Rev. Mensuelle, Jan., 1877) have demonstrated that 
destruction of the inferior parietal lobe, angular gyrus, island of Reil, 
cuneiform and quadrate convolutions, the orbital gyrus, and the anterior 

Eortion of the first, second, and third frontal convolutions, may occur from 
ieraorrhage or softening, without the supervention of motor disturb- 
ances. Lesions of these parts do not give rise to secondary degeneration 
of the spinal cord. 

When an abundant extravasation occurs into the pia mater involving 
the anterior parts to a considerable depth, paralysis preceded by convul- 
sions will occur. Death takes place in coma, either within twenty-four 
hours or at the end of several days. Respiration ia more frequently ^owed 
than the pulse. 

If the patient recovers, derangement of the mental faculties may remain 
and finally lead to imbecility or idiocy. 

ScBmorrhage into the anterior lobe. Lesions affecting the anterior 
lobe to a considerable depth are characterized by aphasia and hemiple^a 
with incomplete facial paralysis. 

Heubner has shown that the middle cerebral artery, the upper part of 
which furnishes blood to the motor ganglia, not only supplies the island 
at Reil, but divides at the same time into four or five branches, the lirat of 
-wJai-ch nourishes the second and third frontal convolutions. From these 
an8.tomical facts, we can readily comprehend that hemorrhages into the 
territory of the middle cerebral artery produce disorders of the motor cen- 
tres and of the organ of language, the latter being situated in the island 
,of ReiJ and the parts uniting it to the anterior lobe. 

Smmorrhage into the middle and posterior lobes. — In hiemorrhages 
into the middle lobe, with integrity of the g-anglia, I have twice observed 
iheadache, dizziness, slight nausea and amblyopia, without any affection 
.of motion, sensation, or of the mental faculties. In Hughiings-Jackson'a 
analagous cases, the amaurosis was accompanied by congestion of the re- 
tinal veins and injection of the papilla, which presented white spots in ita 
centre. Hsemorrhages into the posterior lobes are marked by a morepor- 
aistent disturbance of intelligence, and by the absence of hemiplegia and 
of sensory disorders. If a])hasia occurs in lesions of the middle acd poa* 
terior lobes, the seat of language, referred to above, has become involved 
by some complication. 
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Scemorrhaffe into the motor ganglia. — Hsemorrhages in this situation 
cause disorders of intelligence and of the special senses, of short duration; 
hemiplegia (more complete in lesion of the lenticular nucleus than in that 
of the corpus striatum), incompleta facial paralysis, temporary pareses o( 
ocular muscles, and diminution of sensibility iti the paralyzed limbs. More 
severe and permanent disorders of sensation, added to the other symptoms 
just mentioned, indicate a lesion involving the expansion of the external 
fibres of the foot of the cerebral peduncle at the level of the white sub- 
stance ^tuated behind the lenticular nucleus. 

Masmorrhage irito the cerebral peduncle. — Intelligence and special sen- 
ses are unaffected. Hemiplegia occurs with considerable diminution of 
cutaneous sensibility, together with alternating facial paralysis of an in- 
complete and temporary character, and a more or less profound paralysis 
of the oculo-motor nerve (ptosis, mydrissis, diverging strabismus). In a 
case observed by Andral (Clin, med., V., p. 326) of a hEemorrhagio cystin 
the middle o£ the cerebral peduncle, paralysis of the oculo-motor nerve did 
not develop on account of the remoteness of the cyst from the origin of 
the third pair of nerves, 

Smmorrhnge into the Pons Varolii. — When a large part of the pons is 
suddenly destroyed by a hsemorrhage, death usually occurs quickly. There 
is sudden loss of consciousness and speech, and paralysis of motion and 
sensation in one half of the body {sometimes after slight spasm). In le- 
sions limited to the median portion of the pons, incomplete paraplegia, al- 
ternating facial paralysis, narrowing and insensibility of the pupils, and 
disorders of the special senses (taste, smell, or hearing) are produced. In 
some cases, all the characteristic signs are absent. 

Hcernorrhage into the cerebellum, — The determination of the symp- 
toms of hiemorrhage limited to the cerebellum is difficult, since the lesion 
or its sequences are frequently propagated to the pons, cerebellar pedun- 
cles, and medulla oblongata. Considerable hemorrhages into the lateral 
lobes are manifested by obstinate headache, vertigo, vomiting, amblyopia, 
amaurosis, dilatation of the pupils, hemiplegia of the opposite side of the 
body and difficulty of speech. When the hfemorrhage involves the neigh- 
boring structures, it may give rise to general weakness and uncertainty of 
movement, disorders of co-ordination, general paralysis of the limbs, con- 
vulsions, contractures, rotatory movements, strabismus, and difficulty of 
deglutition and respiration. 

Apoplectic paraplegia usually results from the combination of two dis- 
tinct hemiplegias, and is distinguished from spinal paraplegia by the pres- 
ence of motor paralyses of the cranial nerves. Double paralysis of cere- 
bral origin results from symmetrical hiemorrhages (one old, the other re- 
cent) into the motor centres, from oireumsoribed lesions in the median 
portion of the pons or from aneurisms at the base. It may also be due 
to hfemorrhages into the lateral ventricles or towards the base. But, in 
these latter varieties, symptoms of irritation {spasms, contractures), lasting 
a short time, are followed by general paralysis, and the patient dies in pro 

Meningeal hcmnarrhage. — Virchow has shown that the so-called intra- 
arachnoid apoplexies are usually the result of inflammation of the internal 
surface of the dura mater (internal pachymeningitis), and that the new- 
formed false membranes give rise to secondary hasmorrhages between 
their different layers from rupture of the rich capillary network which tra- 
verses them. But, in exceptional cases, primary haemorrhages may also 
occur into or between the cerebral meninges. 
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The estravaaated btood is situated in the cavity of the arachnoid and 
in the tissue of the pia mater, but may also invade different parts of the 
cerebrum or cerebellum, or may extend into the ventricles, to the base of 
the skull, and even into the cavity of the apinal arachnoid. 

The blood ia usually coagulated and small in quantity, but if rupture 
of a large vessel or aneurism at the base of the skull has occurred, the ex- 
travasation may equal a pound in weight. CEdema, flattening of the con- 
volutions and softening may develop as secondary lesions. 

As etiological factors we may mention injuries to the skull, rupture of 
a sinus of the dura mater, rupture of lar^ degenerated vessels, and of 
aneurisms, and apoplexy of the new-born. Aneurisms of the cerebral ves- 
sels occupy the chief rank among the causes of this condition. 

Meningeal apoplexies of the new-born after difficult labors result from 
tnecbanical obstruction to respiration and circulation, and after easy labors, 
from wounds of the vessels caused by the sliding of the bones of the skull 
over one another {F, Weber). The Vienna statistics show that these hnnt- 
orrhagea are very frequent when the mother succumbs to diseases of a 
pytemic nature. The infants are often still-born, or ao deeply asphyxiated 
that they die soon after delivery. In most cases, somnolence, general 
muscular resolution, often also spasms and triamus, are produced. In nins 
oases reported by Elaaesser (Wuerttemb. med. Corr.-Bl,, Dec., 1844), death 
only occurred at the end of from one to three weeks, after the sudden ap- 

Eearance of vomiting, convulaiona, dyspnces, and somnolence. The infanta 
ad evidently succumbed to secondary hiemorrhages, to cerebral inflam- 
mation, or to softening. Cases of recovery are of rare occurrence. 

Meningeal hEemorrhages in the adult present such a diversity of symp- 
toms that an exact interpretation is only possible in & small number of 
cases. They often present, in the beginning, symptoms of irritation of 
the meninges, such as headache, somnolence, dehriura, mental excitement, 
spasms, or even epileptiform convulaions of an intermittent character. 
This condition is followed by aymptoms of depression, such as coma and 
paralysis of the limbs (without the appearance of hemiplegia). Death oc- 
curs quickly, and ia rarely delayed more than a few days. In the cases 
due to rupture of aneurisms at the base, the symptoms observed are pain 
in the occiput and neck, disorders of audition, deglutition, and respiration, 
alternate hemiplegia or paraplegic paresis, and rigidity ol the arteries. 
When the rupture occurs in an aneurism of the middle cerebral artery, the 
principal phenomena are the slow, insidious march of the cerebral aymp- 
toms, epileptiform convulaiona, and youthful age (of 17 cases, 6 were under 
thirty years). In rupture of an aneurism of the posterior communicating 
artery, the hEcmorrhage is preceded, according to Gougouenheim (Aneuris- 
mal Tumors of the Cerebral Vessels, 1866), by symptoms of compression 
of the third, sisth, or even the fifth pairs of nerves (when the aneurism also 
involves the ophthalmic branch). Cerebral hosmorrhagea of aneurismal 
origin are characterized, therefore, by tumor symptoms of long duration, 
followed by the sudden development of apoplexy. Spontaneous recovery 
ia extremely exceptional. 

I>iagnosia and Prognoais. 

When a patient, whose clinical history cannot be obtained, is found 
■offering for a short time from loss of conaciousneaa and general resolu- 
tion of the limbs, Scult to form an immediate diagnosis. In such 
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cases the advanced age of the patient, manifest rigidity of the arteries, 
the esisteuce of cardiac or pulmonary disease, aad the flaccid condition of 
one of the limbs, afford some grounds for the diagnosis of apoplexy. 
Cerebral hvperramia, with its symptoms of irritation and of slight depres- 
sion, usually subsides very quickly. Meningitis is distinguished from 
h-'emorrhage by the initial chill, appearance of convulsions, cutaneous hy- 
persesthcsia, and increased reHex irritability added to ooma, and by ths 
incomplete paralyses which slowly appear from increase in the intracere- 
bral pressure. 

Id cerebral tumors, the headache is intermittent, and gradually in- 
creases; neuralgia, spasms, and neuroretinitia often occur. These symp- 
toms ordinarily precede the apoplectiform attacks, which occur rarely, and 
persist after the latter have disappeared. The characteristic signs of 
rupture of cerebral aneurisms are chronic development of multiple paraty- 
aes of cranial nerves and convulsive symptoms, followed by sudden and, 
usually, fatal attacks of apoplexy. 

The apoplectic hemiplegia, with which anaesthesia of the deep tissues 
is sometimes combined, presents great resemblance to those forms of hys- 
terical hemiplegia with loss of consciousness which occur after emotional 
excitement. 

In apoplectic hemiplegia, the median line forms the boundary of the 
anesthesia and analgesia; in hysterical hemiplegia, we often find anoma- 
lies of sensation on the other side of the body. In apoplectic hemiplegia, 
also, paralysis of the respiratory fibres of the facial nerve and of tba 
muscles of the tongue, and aphasia, often occur while these phenomena 
are not met with in hysterical hemiplegia. In the former, the affected 
thigh is balanced from behind forward in walking, contracture of the ex- 
tremities only occurs after paralyses of long standing, and the electro- 
muscular contractility is preserved. In hysterical hemiplegia the patient 
drags the thigh, in walking, like an inert mass, contracture develops more 
rapidly, and the electro- muscular contractility diminishes after it has lasted 
for a certain length of time. Disorders of menstruation, or irritation of 
the uterus or ovaries coexist, in hysterical hemiplegia, and characteristio 
attacks have usually occurred previously, attended with hiccough, tympa- 
nites, retention of urine, abnormal tenderness of the spinal column, etc. 

In spinal hemiplegia, from a lesion of one of the lateral halves of the 
cord, one side of the body is paralyzed, but its sensation is preserved; the 
electro -muscular contractility is diminished, and reflex excitability in- 
creased; upon the opposite side, sensation is lost but motion and electro- 
muscular contractility are intact. With regard to prognosis, we must 
consider not only the site of the hemorrhage hut also its amount. The 
increase of pressure fatal to life corresponds, according to Leyden, to the 
vascular tension; it is 180 milligrammes of mercury or even upwards. 
The increase of the cerebral compression may cause paralysis of the 
respiratory centre, although the heart may still continue to act for a short 

If the intracerebral pressure diminishes and the circulation becomes 
regular, improvement will become manifest by the return of consciousness 
and speech, by more quiet movements of the heart and respiration, by the 
ability to swallow, by the return of motion and sensation, as well as by 
the moderate elevation of the temperature. On the other hand, the per- 
sistence of coma for 36-48 hours, complete loss of reflex excitability, 
irregular, noisy respiration, small, intermittent pulse, general resolution 
of the limbs, relaxation of the sphincters, and dilatation of previously cos- 
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tracted pupils, are signs of bad omen. x\niung the carljr signs of a fatsi 
termination, according to Bourneville, are n lowering of temperature {36" 
And Sb'i" C.) for several houra after the attack, followed by eleration 
to 41' aid i'i-8° C, after a short atatiooary period, and, finally, aooord- 
ing to Charcot, the appearance of bcd-sorea during the first few days. 

After the immediate consequences of the hemorrhage have been 
sufe]y passed, the inflammatory reaction may again place the patient in 
danger. The patients then complain of a feehng of constriction in tho 
head, dizziness, soon followed by delirium, disturbances of the special 
senses, Dumbness and spasms or contracture in the paralyKcd limbs. 
Death usually occurs in the third or fourth week. The prognosis is also 
rendered more grave in old and weak patients suffering from cardiao 
affections or, pulmonary emphysema, or from marasmus which haa led to 
uncontrollable diarrhcea, hypostatic pneumonia, cystitis, bed-sores, etc 
During CMjnvalescence, also, cerebral atrophy may occur and elowly give 
riae to imbecility. Finally, there is danger of a relapse. 

The prognosis of paralyses which persist after the attack is not very 
favorable. In the rare oases of slight haemorrhage, situated at a distance 
from the motor ganglia or in which their fibres have been very slightly in- 
volved, hemiplegia and hemianiesthesia may completely disappear or the 
limbs may only exhibit a slight degree of paresis. In weak, cachectic sub- 
jects, after repeated htemorrh ages, and in old hemiplegia with progressive 
muscular atrophy of the extremities, with multiple contracture and lower- 
ing of temperature, there can be no question of any considerable and pei^ 
manent improvement. 

7\vatment. 

When the attack is light, it will be merely necessary to apply fre- 
quently changed cold compresses to the head, and to keep the head ele- 
vated. The bed and room should not be too warm, and no nourishment 
should be given except cool, acidulated drinks. If the attack occurs 
after a hearty meal, and if vomiting does not take place spontaneously, 
it niay be hastened by the introduction of a linger into the pharynx. 
When obstinate constipation exists, purgative enemata should be ad- 
ministered mixed with vinegar, sulphate of soda, or infusion of senna. 

If the symptoms of increased vascular tension (which goes hand in 
hand with increase of cerebral compression) appear after the attack; it 
there is turgescence or intense redness of the face, or considerable injec- 
tion of the conjunctiva, if the carotids and radials pulsate with force, and 
if the temperature is raised, venesection should be immediately performed 
in strong, well-nourished individuals. Venesection should also be per- 
formed if signs appear which indicate a threatened second hiemorrhage. 
In weak, cachectic patients, with cold skin and feeble pulse, the employ- 
ment of leeches and cold applications should be substituted for venesec- 
tion. Cutaneous revulsives are superfluous in light oases and useless in 
severe ones. The stimulant measures, which we have previously indicated, 
should be employed to combat the symptoms of depression. 

The violence of the irritative symptoms and of the convulsions in the 
stage of inflammatory reaction, may indicate venesection. But usually, 
leeches applied repeatedly to the mastoid processes and the application 
of cold compresses, or of an ice-bag to the head, will prove sufiicient. In 
general, moderate intestinal derivation haa a better effect than cutaneous 
revulsives. Cold ablutions and small doses of opium are of benefit in 
violent excitement and in insomnia. 
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The oonditions of chronic weakness following' apoplexy necessitate a 
quiet life, strict regimen, and light but good diet. Weak and aged 
patients may take a little wine, and must have the functions of the 
bowels, bladder, and respiratory organs well regulated. In summer, we 
may recommend a residence in the country, moderately cold half-baths, 
frictions with a moiat cloth, and moderate exercise. In slight lesions of 
the brain, when resorption and cicatrization have progressed favorably, 
naplete paralyses are, at least, susceptible of improvement. We 
should advise the use of baths (24—26° C.) only after the irritative symp- 
toms have disappeared for a long time (about six months), and if signs of 
congestion have not reappeared. In patients suffering from organic dis- 
ease of the heart or rigid arteries, and who are very susceptible to the 
exciting action of heat, we should prohibit warm baths, which might ex- 
pose them to the danger of a fresh hiemorrhage. 

Hydropathic treatment exercises a favorable influence upon the general 
condition in a large number of apoplectics, but we must avoid the ex- 
tremes of temperature. Individuals predisposed to congestions aro easi- 
ly excited by moist and cold frictions. We should then employ half- 
baths of short duration, and not too cold, and should gradually lower 
their temperature. In less impressionable subjects, benefit will be derived 
from moiat and not too cold frictions, and from half-baths. 

The electrical treatment of the paralyses may be begun, in the slight 
forms, at the end of two months. In more severe cases, electricity should 
not be employed until the disappearance of all the symptoms of irritation 
— perhaps in from four to six months after the apoplexy. 1 he continuous 
current, which possesses an irritant effect upon the nervou i centres and 
organs of special sense, should only be applied with great caution to the 
head and neighboring parts. 

The faradic current is preferably employed in paralyses of the exten- 
sors with predominance of the flexors. In long standing disorders of sen- 
sation we may use the electric brush. Faradization may give good re- 
sults in slight muscular atrophy and in contracture of the flexors. In the 
treatment with galvanism, descending currents should be employed from 
the dorsal spine to the nerves of the paralyzed or oontractured muscles. 
The current should produce moderate muscular responses, and its intensity 
maybe then gradually increased. Three or four seances, lasting from five 
to eight minutes, are to be given per week. 

In severe forms of paralysis we may obtain improvement by alternate- 
ly employing galvanization of the centres with faradization of the extrem- 
ities; and, at other times, by combining hydrotherapeutio measures with 
electricity. Despite all treatment, however, the proportion 
ia very small. 
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CHAPTER IV. 
bbsodb bxdpatiomb into the i 
1. Cebbbrai. (Edema. 




Sebocs infiltration of the cerebral parenchyma appears, in various dis- 
iBes of the brain, as a circumscribed process of slight intensity. A out 
sectioD of the white substance then shows an unnsnal moisture and bright- 
ness, with an almost imperceptible change of consistence. When the cede- 
ma is more marked and general, the medullary substance is infiltrated with 
fluid of a doughy consistence and a duU, shining, white color. In very 
intense acute infiltration of the subarachnoid spaces and ventricles, and in 
lesions " en foyer," the cerebral substance is reduced to a pulp and nearly 
liquefied, bathed in fluid, and at times of a white color, at times colored 
y^ow in the neighborhood of a haemorrhage or encephalitis, from absorp- 
tion of the coloring matters of the blood. 

Chronic cenbral cedema may, little by little, cause a true maceration 
of the brain, as has been observed in certain cases of senility and idiocy, 
'With all the signs of moral and physical decrepitude. 

Acute cerebral cedema may cause sudden death by rapid increase of 
the compression and volume of the brain. 

It is a matter of experience that in diseases of the heart and kidneys, in 
bronchitis and chronic tuberculosis, suddenly fatal cerebral compression may 
develop, and nothing be discovered on autopsy beyond considerable seroua 
infiltration into the brain, and, sometimes, hypersemia of the meninges. 
The patients suddenly lose consciousness, fall to the ground, the muscles 
are relaxed, sphincters paralyzed, reflex irritability considerably weak- 
ened, the contracted pupils reacting slightly or not at all. Delirium usu- 
ally appears, respiration and deglutition become more and more irregular 
and difficult, and death occurs in coma at the end of a few hours or days. 

The diagnosis of this condition is always very uncertain. Even path- 
ological anatomists (Rokitansky, Lehrb. d. path. Anat., II Bd., p. 452- 
454) admit the existence of serous apoplexy in the cadaver with a great 
deal of r< 



3. Htdkockphalic Peochssks, 

In measuring the quantity of fluid contained in the brain we must not 
lose sight of the fact that it may vary under certain physiological coidi- 
tions such as age and sex. Weisbach (Med. Jahrb., XVL, Bd., 18G8}, has 
shown that the proportion of water gradually diminishes from birth until 
the 20th year, and then again increases. It is more abundant in the male 
sex. In adults the gray matter is richer in water than the white 
stance; in the new-born the reverse holds good. 
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Aaute diseases generally caasa increase of the quantity of water ii 
body, and eBpecially in the brain. The cerebral fluid decreases in chronio 
diseases, the diminution occurring in the cerebrum in men and in the cere- 
bellum in women. It attains its maximum in meningitis and in chronio 
hydrocephalus. 

External hydrocephalus and cedema of the pia mater possess merely 
an anatomical interest. Internal hydrocephalus may be divided into three 
varieties, viz.: acute, chronic, and cungenitaL 



a, AciUe Hydroc^haiua. 

The effusion of serum into moderately distended ventricles varies from 
15-70 grammes. In larger infiltrations the ependyma is softened and 
macerated, the adjacent cerebral tissue, especially the septum and fornix, 
deliquesce, and the parenchyma is often congested and strewn with small 
hffimorrhages. If the fluid is still more abundant, the brain is enlarged 
ind softened, the medullary substance pale and anaemic, and the convolu- 
tions are flattened. 

Acute hydrocephalus a is very frequent disease of infancy, With the 
large proportion of water contained in the brain of nursing infants, the 
frequent hyperieinias which may arise in tuberculous, scrofulous, and ra- 
chitic affections may readily lead to sudden or progressive (subacute) se- 
rous transudations. 

Tubercular meningitis, cerebral tumors, and pulmonary phthisis may 
also be complicated by acute hydrocephalus. Acute pulmonary diseases, 
according to Weishach, affect by preference the amount of water con- 
tained in the meduUary substance and cerebellum. 

In the less severe forms absorption of the fluid is possible, but some 
fluid ordinarily remains in the enlarged ventricles and may give rise to 
chronio hydrocephalus. The diagnosis of acute primary serous effusions 
within the cranial cavity is dilhcult and uncertain. The symptoms of 
serous apoplexy, which appear in ^ese cases, have already been men- 
tioned. 

If the irritative phenomena predominate, the treatment should consist 
of cold applications and bleeding, when not contraindicated by anaemia. 
Bleeding should not be resorted to if wo suspect considerable venous sta- 
sia. We may also employ derivatives, cutaneous revulsives, and small 
doses of iodide of potassium or iodide of iron. If coma supervenes, stim- 
ulant measures are useless. 



b. Chronio Sydroeephalns. 

In this variety the serous transudation ia more abundant (300-400 grs.), 
and the symmetrical or unsymmetrical dilatation of the ventricles is more 
ooosiderable. Thickening of the ependyma, condensation of the adjacent 
cerebral tissue, flattening of the optic thalamus and corpus striatum, and 
brealcing down of the upper wall of the lateral ventricle, are noticeable. 
Chronio hydrocephalus in infants usually follows the acute form. In 
^^ middle life it ia caused by mechanical hyperemia, the pressure exercised 
^L by tumors (upon the sinus rectus, Barrier), the occlusion of one or both 
^K lateral sinuses, tubercular products in the cerebral hemispheres, cnmpres- 
^K noD of the vena Galeni and of the middle ventricle and its neighborhood. 
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and chrocio diseases with dropsy. In old Age, hydrocephalus follovra the 
cerebral atropliy oocumng after hemorrhage or encephalitis. Insanity, 
especially dementia, is often complicated with chronio hydrocepfasiliis. 

As tetiological conditions in infants we may mention rachitis, and 
sometimes cong'enital syphilis, with abnormal conformation of the cranial 
bones, or diminished resistance to the internal pressure. At a more ad' 
vanced age it may arise from the chronic cerebral hyperieraias which art 
produced by alcoholism and prolonged mental excitement, and in the 
course of meningitis. It may also be due to disturbances of the circula- 
tion from cardiac or pulmonary diseases, from Bright's disease, and from 
chronic tuberculosis as well as from changes in the blood, such as leukce- 
mia and hydnemia. 

The symptomatology presents great variations. In the initial period 
there are uncertain symptoms of cerebral irritation which gradually assume 
the charactersof depression. The special senses and intellectual faculties 
^adually become blunted, the head becomes heavy and drooping, the ex- 
pression of the face, which was at first more animated, becomes apathetic; 
pareses occur in the domain of the facial nerve with ptosis, inequality of 
the pupils, and difficulty of speech; the gait is uncertain, heavy, and 
tottering. 

A large number of these patients arrive at a continually increasing stage 
of stupor, with all the symptoms of idiocy with paralysis; sometimes 
epileptiform attacks, which had never been previously observed, also 
occur. Bouchut has found atrophy of the optic nerves {with flattening 
of these nerves and of the chiasm) in the chronic hydrocephalus of infants 
(Gaa, des HOpit., 1873). Finally, the patients become weaker and 
weaker, and consciousness enth-ely disappears; motion, sensation, and 
reflex excitability are lost. Or acute transudation may occur, and sudden 
loss of consciousness develops with violent pains in the head, mental weak- 
ness, inequality of the pupils, strabismus, slow, irregular pulse, and com- 
plete or incomplete hemiplegia ffrom compression of the motor ganglia on 
the side of the aSected ventricle). There is no hope of a permanent arrest 
of this affection. The disease is incurable and may last a few months, 
rarely several years. Death occurs from cerebral compression or g'eneral 
paralysis, or from complication with meningitis, pneumonia, cystitis, de- 
cubitus, or from a fresh fatal exudation. The treatment will be indicated 
in the following section. 



o. Congenital HyArocephalvx. 

Congenital external hydrocephalus, meningocele, ancncephalie, hemi- 
cephalie, and hydrencephalocele possess a greater interest for the patholo- 
gical anatomist than (or the neuropathologist. 

Chronic hydrocephalus, in the variety usually known as congenital, 
either exists from birth or develops with the greatest intensity soon after 
delivery. The skull is then increased in size {rarely diminished, as in 
premature union of the sutures in cretins), the bones of the cranial vanlt 
are enlarged and thinned, the sutures are wide, the fontanolles gaping, 
and their membranes are strewn with bony points. The skull is distended, 
and the superciliary region, the squamie of the temporal bone, and the 
occipital bones are pushed downward to a considerable degree. 

The meninges are markedly softened and thinned; the cerebral hi 
spheres are pressed against one another by the distention of the ven- 
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trioles, and tbey may be reduced to the thickness of a sheet of paper; 
the convolutions are barely indicated, and the white and gray substance 
cannot be distinguished from one another. The optio thalamus, corpus 
striatum and lenticular nucleus are pressed downward; the peduncles are 
separated; the optic chiasm is flattened; the pons varolii and tubercula 
qutLdrisemiua are elongated; the third ventricle is enlarged {tike the lateral 
ventricles) ; the fornix and commissures, the corpus callosum, and the 
septum are thinned, distended, or torn. The superior portion of the 
cerebellum is flattened, together with the nerves at the base of the brain 
The ventricular fluid contains albumen and chloride of sodium, and maj 
amount to 3—4 kiiog. and upwards. 

The symptomatology varies with the changes in the cerebral structures. 
The slight forms, in which the cranial deformity is barely perceptible, may 
exist for a long time without giving rise to any symptoms. In the severer 
forms, with considerable distention and deformity of the skull, hydroce- 
phalus is especially recognized by the striking oontraHt between the in- 
creased volume of the skull and the small dimensions of the face. The 
depressed sunken eyes, which are closed with diiEculty, the disproportion of 
the body, and the slight development of the limbs, give the patient a char- 
acteristic appearance. 

Examination of the skull shows that the fontanellea are gaping and 
the sutures ununited. Bright, Watson, and others have seen the skull 
translucent. 

It is rare that the cerebral functions are only slightly affected, and the 
mental condition generally corresponds to the physical deterioration. The 
ehiidren comprehend poorly and with difficulty. They may evince a cer- 
tain aptness, but no real mental activity; and even after they have grown 
up, speech remains difficult, and intelligence and memory are poor. They 
ao energy, and their intellect retains the qualities of childhood, 
severe cases they soon become completely imbecile, but the power 
1 may be retained to a greater or less extent; they utter inartic- 
)s, laugh unmeaningly, etc. 

in severe cases the functions of the special senses are entirely abol- 
ished. The children appear to develop normally, but upon careful exam- 
ination they are found to be deprived of sight and hearing, and the pupili 
are dilated and react slowly to light. In less severe forma, myopia, a ' ' 
nopiaand strabismus occur; hearing, taste, and tactile sensibility ar 
tact or only slightly affected, though many hydrocephalic patients eat 
disgusting articles with avidity. Headache usually occurs in paroxysms, 
and is especially intense in ossification and thickening of the akull, and 
during mental or physical excitement. We may attribute it to increase of 
cerebral compression. 

Disturbances of motion are also often observed. The majority only 
.earn to walk after the lapse of several years, and the gait is tottering and 
■unsteady. They experience great difficulty in keeping the head erect. 
In certain severe forms they are neither able to walk, stand, nor use the 
npper limbs. Very often there is only hemiparesis or pareses of certain 
limbs, or the patient is bow-legged on account of the frequent complica- 
tion with hydrorachis. Electro -muscular contractility is not appreciably 
changed. The motor disturbances of irritative origin are as follows: stra- 
bismus, contractures, spasms of the face or limbs, tremor, convulsions, and 
epileptiform attacks. 

Digestion is good, even in caees of gluttony; vomiting only occura 
lifter violent shocks to the head or after great excitement. The patients 
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are uaually constipated. The general nutrition is very poor; the patients 
are pale and bloated, the abdomen tympanitic, the skin dry, and the taaa- 
olea atrophied. 

The pathogeny of congenital hydrocephalus is still obscure in many 
particulars. During intra-uterino esisteuce the congestions of the epen- 
dynia — which, according to Rokitanaky, are often connected with conges- 
tion of the choroid plexuses, pia mater, and cerebral tissues in the neigh- 
borhood of the ventricles — may give rise to increased effusion of serum 
into the ventricles, and to changes in the ependyma and adjoining brain- 
tissue. The existence of an intra-uterine predisposition is proven by the 
fact that one mother may give birth to several hydrocephalic children, and 
that drunkenness in the father acts as a cause of congenital hydrocepha- 
lus. During extra-uterine existence, and even after ossification of the su- 
tures, inflammatory irritation of the walls of the ventricles may give rise 
to serous transudation, an hypothesis which harmonizes with the frequent 
existence of vascular meshes, thickenings, and false membranes upon the 
ependyma. Congenital hydrocephalus runs a chronic course. The vol- 
ume of the skull may increase gradually from birth, or it may remain sta- 
tionary for a certain length of time. Partial absorption of the fluid may 
occur, especially after ossification of the deformed skull has taken place. 
The duration of the disease is extremely variable. The large majority of 
the patients perish at birth or during the first years of life, although, in a 
very few instances, life is prolonged to puberty and, still more rarely, to 
an advanced age. 

Death may happen in the first years of life from cerebral compression 
from cachexia, from ependymitis or meningitis, or from intercurrent fe- 
brile diseases (bronchitis, pneumonia, tuberculosis, inteatinal affections). 
Rokitansky saw a case of hydrocephalus terminate in perforation of the 
brain and dura mater, and in the passage of the ventricular fluid under- 
neath the pericranium and epicranial aponeurosis. According to him the 
disease also frequently terminates from hemorrhages into the arachnoid 
sac and ventricles. In most cases death occurs in coma, preceded by con- 
vulsions. 

The diagnosis is usually not difficult. Simple cranial rachitis never 
causes such marked mental and physical deterioration as congenital hy- 
drocephalus. In adults, we must inquire into the various cerebral dis- 
orders which are capable of producing hydrocephalus. Cerebral hyper- 
trophy, with increase in the volume of the skull, will be almost inevitably 
mistaken for hydrocephalus, especially in adults and after ossification at 
the cranium. The absence of rachitis, the slight disturbance of the intel- 
lectual faculties and of nutrition, the early appearance of convulsions and 
of epileptiform attacks, point rather towards cerebral hypertrophy than 
towards hydrocephalus. 

The/iro^«08ia is not favorable. Recovery from complete absorption 
of slight effusions or from the escape of the fluid through a perforation in 
the meninges, is an extremely rare event. Even when partial absorption 
occurs, there is danger of relapse or of fresh congestions. In the chronic 
form, the disease is the sad precursor of inevitable physical and moral 
deterioration. 

The treatment must, in general, be directed towards combating the 
most annoying symptoms. Intestinal derivatives, diuretics, absorbents, and 
active cutaneous revulsives, are more injurious than useful. Methodica/ 
compression of the head by means of strips of adhesive plaster, as reconi 
mended by Engelmann and others, has not yielded any good results 
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Puncture, advised by Conquest and others, is performed with a fine txocar 
at the border of the anterior fontanelle in the coronal suture. Langen- 
beck prefers to pass behind the upper lid through the superior wall of the 
orbit, and thus to enter the anterior horn of the lateral ventricle. But, as 
a rule, the inflammatory complications attending these operations, render 
their palliative utility very doubtful. If the patient recovers from the 
meningitis following the puncturej the hydrocephalic fluid becomes rich 
in albumen (Dickinson). 
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CKKKEBAI. AKAMIA. 

Pathological Anatomy and Experimental Inveatigationa. 

Tn cerebral anjemia, the meningeal vessels are usually empty and 
markedly collapsed. The vascular canals of the dura mater and the large 
venous trunks appear to be better tilled. In some cases, hyperfpmia of 
the meninges coexists with anii'mia of the brain. The pia mater is often 
thin and transparent and its tissue, together with the ventricles, contains a 
considerable quantity of serum. The medullary substance is of a dull 
■white color and presents few or no puncta vasculosa upon a cut section. 
The gray substance is unusually white and poorly defined, and the cere- 
bral parenchyma ia generally dry and firm, rarely moist and soft. This 
condition is found, as a rule, in those cases in which the cerebral anfemia 
IB one of the manifestations of general aniemia. Partial cerebral anemia 
is met with in localized lesions, in tumors, large hremorrhages or encepha- 
litis, and in obliteration of certain vascular territories of tlie brain in oon- 
Boquenco of thrombosis or embolism {ischaemia). In all these cases, the 
local compression or circumscribed circulatory disturbances give rise to 
partial cerebral anaemia which is often compensated by hyperiemia in otbflr 
parts of the brain. 

The most recent eiperimenta of Kussmaul and Tenner have clearly shown 
that, when the carotid and vertebral arteries on both sides are compressed, 
intense cerebral ansemia (with epileptiform convulsions) will occur from 
irritation of the centre of vascular innervation. Toxic doses of belladonna, 
morphine, chloroform, ergotine, nicotine, etc., cause pallor of the fundus 
of the eye, and lowering of the intra-cranial temperature, as well as tiere- 
bral antemia, from irritatiqn of the vaso-motor centre (which, accordingto 
Jolly, accompanies increase of intra- cerebral pressure.) Finally, faradi- 
zation of the cervical sympathetic (Kussmaul), irritation of peripheral 
nerves (Loven and Nothnagel), and electrical or mechanical irritation of 
the walls of the stomach (S. Mayer and Pribram) may also cause reflex 
narrowing of the arteries and cerebral anteraia. 

Miology. 

Cerebral anasmia ia observed in infants from a few months to two or 
three years of age (Marshall Hall's hydro cep haloid), and is caused by 
poor and insufficient nutriment (bottle-fed infants), and by profuaa 
haemorrhages (poorly performed circumcision, ill -timed antiphlogiHtio 
measures). In these cases the cerebral ansemia is merely a part of the 
general loss of blood, and its gravity is due to the peculiar weakness and 
irritability of the infantile brain, and to the slight power of resistance o' 
the youthful economy. At a. more advanced age, various morbid coadi- 
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tions may ^ve rise to cerebral aneemia. Copious hiBmorrhagea (of the 
lungs, uterus, intestines, stomach, etc.) occupy the chief rank amons the 
causBH of this condition. It may also be due to the aondition of exhaua- 
tiou following typhoid fever, dysentery, and puerperal diseaaea, etc, ; to 
abundant secretions, aa in repeated or prolonged lactation, and to anoma- 
liea or insufficiency in the production of blood, aa in leutuemia, chloroais, 
tuberculosis, malarial cachexia, etc. 

Powerful irritation of the centre of Tascular innervation also produces 
contraction of the cerebral arteries, and the irritation may be propagated 
to the neighboring centres in the medulla oblongata. These vaso-motor 
disturbances usually last but a short time. As thp action of the vaso- 
motor nerves quickly subsides, the excitation and aniemia are soon re- 
placed by depression and hypersemia, but, on account of the periodical 
return of the vascular spasm, the aoiemia may acquire the upper hand 
during a certain period. The preceding remarks apply eapeeially to 
hysteria. Strong and sudden emotions, prolonged and depressing moral 
causes, also present the aame alternation of symptoma (pallor, vertigo, 
iusenaibility of the aenaea, weakness of the heart's action, followed hy the 
opposite signa of hyperemia). 

Vaao-motor disturbances and temporary cerebral ansemia, with synco- 
pal attacks, may be produced by reflex means, as in cerebral concussion 
and shock. Symptoma of irritation of the vaso-motor centres are some- 
times observed in chronic catarrhal affections of the stomach and intes- 
tines, and in constipation, especially in impressionable individuals (ver- 
tigo stomacal, vertigo a stomacho Iieso). 

As another variety of reflex cerebral aniemia, I may mention the sud- 
den pallor, vertigo, nausea, and slow pulse, followed by symptoms of 
hyperairaia, which sometimes occur in very nervous females upon the ap- 
plication of strong electrical currents to the cervical vertebrte, and in 
cases of spinal irritation after the painful action of the galvanic current 
upon the skin of the hack or other regions. 



^atology, 

The symptoms, in infanta, are very similar to those of acute hydroce- 
phalus (hydrocephaloid). Marshall Hall distinguishes the stages of irri- 
tability and depression. In the first stage the head is hot, the face red, 
the temperature of the body considerably increased, and the pulse and 
respirations are slowed; there is great excitement; exaggerated sensi- 
bility of sight and hearing; sleep is short, and frequently interrupted 
hy groans, criea, and starts; the abdomen is tympanitic; the stools are of a 
mucous character and irregular. In older children delirium is sometimes 
observed in this period. 

In the stage of depression the symptoma of cerebral anffiraia proper 
make their appearance. The featurea are relaxed; the face remarkably 
pale and cold; the eyelids remain half closed, evenwhen the lashes or hall 
of the eye are touched; the pupils do not react; the organs of special sense 
are insensible; the respiration is noisy, and becomes slower and slower. 

In older patients the symptoms differ a groat deal, according as the 

cerebral anmmia is acute or chronic, and according as smaller or larger 

Wflcoiar territories of the brain are subjected to spasm or paralysis. In 

I rapidly developed cerebral antemia, the featurea are relaxed; the face pale 

L and oold. We also obaerve vertigo, nausea, dimness of vision, loss of , 
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oonsciousnesB, relaxation of the limbs, Hubaultus, and feebleness of the res* 
piratoiy movements and cardiac action. 

In anaemia from lack of nvtrition {which usually develops slowly), 
Tre may observe, in slight cases, frequent headaches (in the form of 
migraine), vertigo, roaring in the ears, flashes of tight, impairment of 
ideas, dread of mental work, exaggerated sensibility to external impres' 
sions, muscular weakness and tremor after movements. The skin anil 
mucous membranes are pale, the appetite poor, and sleep disturbed. In 
the severer forms, attacks of syncope and convulsions may occur; the 
pupils are dilated and do not react; and the respiration and movements 
of the heart are slowed. Increase of drowsiness is one of the most ud- 
favorable symptoms in cerebral antemia. In some cases the symptoma 
mentioned alternate with those of hypenemia (temporary redness of the 
faoe, flashes of heat, increased vigor of the heart's action). 

In conclusion, we may mention two distinct forms of cerebral ansemiA, 
viz., cerebral concussion and shock. 

Cerebral concussion of traumatic origin is accompanied by loss of con* 
jBoiouaness, and insensibility of the organs of special sense; the pupils are 
dilated and react slowly; the voluntary muscles are paralysed; the respi- 
rations are slow and deep; the pulse is irregular with intermissions; finally, 
TOmiting occurs. Consciousness may be restored after several hours, 
rarely only after the lapse of a few days. The functions of the organs of 
special sense, motion and sensation, return to their normal condition, some 
Blight symptoms (headache, redness of the face, alight acceleration of the 
pulse, and weakness) persisting for a little while. 

Nothnagel's experiments seem to show that mechanical irritation pro- 
duces reflex spasm of the cerebral arteries, and increase of the intra-cranial 
pressure from irritation of the vaso-motor centre. But, according to 
Fischer (Volkmann's Sammlung kliniacher Vortrage), the symptoma of 
concussion are due to a reflex paralysis of the cerebral vessels in the same 
way that mechanical irritation of the abdominal viscera (in Goltz's experi- 
ments) produces slowing and even arrest of the heart's action. 

Diabetes mellitus often occurs in cerebral concussion; in some cases, 
diabetes insipidus, and still more rarely albuminuria, have also been ob- 
served. These symptoms are probably due to irritation of the medulla 
oblongata between the origins of the pneumogastric and acoustic nerves 
(Schiff's centre of vascular innervation of the kidneys). 

By the term shock, we refer to the paralyzing influence of any sudden 
and severe nervous lesion upon the action of the heart. Fischer distin- 
guishes the erethistic form with symptoms of furious delirium (prostration 
with excitement, according to Travers), and a torpid form, characterized 
by the syncopal condition peculiar to cerebral ansemia. The erethistio 
may pass into the torpid form, and vice versd. 

Weak, impressionable individuals are very liable to shock. Copious 
hssmorrhages, contusions of the thorax, abdomen, testicles, and lingers, re- 
duction of hernia, cystotomy, etc., especially predispose to its production. 

Goltz's experiments lead us to believe that shock results from reflex 
paralysis of the vascular nerves, especially of the aplanchnics (according 
to Fischer), following traumatic concussion. The stasis in the abdominal 
veins, and the afilux of a large proportion of the entire mass of blood into 
the dilated vessels of the intestinal tract, in consequence of the reflex par- 
alysis of the intestinal vaso-motor nerves, cause anaemia of the brain, skin, 
and muscles, and thus leads to all the grave symptoms of shook which 
have been mentioned above. 
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Siagnoshg and Prognosis. 

In young children tho condition may be mistaken for cerebral conges- 
tion and acute hydrocephalus — an extremely serious mistake as regards 
treatment. When the aymptoras above mentioned are present, especial 
attention should be paid to previous debilitating conditions {poor, insuffi- 
cient diet, persistent diarrhcca). If the cheeks and limbs are pale and 
oold, if the eyelids are half'olosed, and do not respond to stimuli, if the 
pupils are dilated, and scarcely react, if there is no strabismus or true feb- 
rile symptoms, if the head is heavy and painful, if there is somnolence, 
hoarseness of voice, and a dry, hacking cough from time to time, the en- 
semble of all these symptoms, and the previous history of the patient, 
should prevent the physician from committing an error. 

Previous hfemorrhages, debilitating exudations or secretions, abnormal 
or insufficient production of blood, depressing psychical influences, and 
general poi'erty of the blood, facilitate the diagnosis of cerebral anemia in 
the adult. As regards the prognosis in the cerebral aniemia of infants, 
the diminution in the frequency of the pulse, the cfieater regularity of the 
respiration, increased sensibility of the pupils to light, returning warmth 
of the skin, greater interest in surrounding objects, more complete closure 
of the eyelids and a more animated expression may be considered indica- 
tive of a favorable termination. But if, on the other baud, the somno- 
lence passes into coma, if the coolness of the skin increases, if the eyes be- 
come sunken, the pulse rapid, soft and wiry, if reflex excitability is 
abolished, and the respiration becomes irregular, intermittent, and finally 
noisy, we have every reason to fear a fatal termination. 

In adults the prognosis is favorable if we are able, in a measure, to re- 
move the causes of the cerebral ancemia. In genera!, the anicmia from de- 
fective nutrition is slower in appearing, but more persistent in its effects. 
On the other hand, aniemia from nervous irritation develops quickly and 
disappears in a similar manner. Cerebral concussion may prove rapidly 
fatal, or may even, according to Pirogoff, last several weeks. In many 
oases, feebleness and mental weakness may persist for some time. 



TVeatmeTtt. 

During the stage of excitement, warm baths are very useful. Small 
doses of hydrate of chloral are serviceable in antemic convulsions; in nursing 
infants, 0.20-0.40 may bo given daily in a little milk. If there are signs 
of decline, warm applications should be made to the abdomen, and the 
patient given plenty of fresh air; diarrhcea, when present, may be combated 
by the use of laudanum. Then employ active stimulants (a little red 
wine, a few drops of brandy or aromatic spirits of ammonia in a draught 
of milk (M. Hall) every two or three hours,) and continue these measures 
until a positive improvement is evident. In infants at the breast, 
the milk of a young and well-nourished nurse constitutes one of ouf 
chief resourceH, In extreme cerebral aniemia, due to copious hiemor- 
rhages, we may frequently obtain rapid improvement by means of trans- 
fusion. But, more frequently, it is necessary to restore the wavering ac- 
tivity of the brain by the aid of stimulants, such as strong wines, hot tea, 
coffee, and rum, acetic ether upon a lump of sugar, amraoniacal prepara- 
tions, and musk. In prokmged syncope and in shock, good effects ar« 
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often seen from faradization of the phrenios when respiration Is suspendecl, 
but the heart still continues to act. In cerebral concussion we most 
avoid active measures, and moderate stimulants will usually suffice. In 
chronic forms, in which the cerebral aniemia is only an e£Eect of the gen- 
eral poverty of the blood, our remedies should be directed against the laA* 
ter. Animal diet, ferruginous waters, countnr air and, later, the use of 
mild hydropathic measures and of sea-baths, furnish good results. Very 
impressionable or debilitated individuals should be treated with dialjBcd 
iron, spoonful doses of some ferruginous water, era small quantity of oiftp 
Tate of iron during meals. 
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CHAPTER VI. 

OBBBBBAI. INFLAMUA.TION' (] 



Pathological Anatomy. 

Tnstammatiox of the brain is never genera,!; it always esists undet 
the form of circumscribed " foyers," whicli sometimes occupy the suf erfioial 
layers, and sometimes the deeper structures of the cerebrum (oeiebritia) 
or cerebellum (cerebelUtis). The foyers, which vary in number and di- 
mensions, are situated ia the white substance, or, more frequently, in the 
gray matter of the cortex and cerebral ganglia. If the foci are large, the 
cerebral fiiibstauuQ is inSltrated with fluid, softened, swollen, and strewn 
with red spots and capillary hasmorrhages, the convolutions are flattened, 
and the surrounding cerebral parenchyma and meninges are dry and 
aiifBmic 

Jn congenital enaephalitis, which sometimes originates during intra- 
uterine life, but can be recognized only after the lapse of several weeks or 
months after birth, the lesion consists, according to Virohow, in a fatty 
change of the neuroglia cells. The cells are enlarged and filled with fatty 
granulations, especially in the white substance of the cerebral hemispheres 
and in the columns of the cord. 

In many cases the parenchyma is not sensibly altered. The spots 
which have sufEered the greatest change and in which there is a consider- 
able accumulation of fatty granules, present, to the naked eye, a dull 
grayish -white, opaque appearance. The white substance is grayish-red 
from capillary congestion; the gray substance, on the contrary, is whiter 
than usual. The consistence is not modified unless there is a coexisting 
change in the nervous substance (especially softening). 

The vascular sheaths and the walls of the capillaries often present fat- 
ty degeneration. The vessels are then usually unequally dilated, and 
sometimes obstructed in their smaller subdivisions. According to Hayem, 
fatty degeneration of the neuroglia-cells is only indicative of inflamma- 
tion when we find, at the same time, extreme congestion and granular cor- 
puscles present. Virchow maintains, in opposition to Hayem, that the 
proliferation of the vessels is an important anatomo-pathological sign when 
present, but that its absence in the cadaver does not disprove the inflamma- 
tory character of the process during life. The increase in size, the nuclear 
division, and even cell-proliferation which precedes the fatty degenera- 
tion of the neuroglia-oella, the coexisting inflammatory changes in the par- 
enchyma of other organs, as the kidneys, and the frequent production of 
cerebral softening from inflammatory diseases, such as variola, scarlatina, 
and syphilis — all these facts lead us to regard the process under discus 
sion as inflammatory in its nature. 

I nde penitently of the inflammatory character of the whitish-gray or 
yellowish foci, there is also, according to Virchow, a peculiar kind of soft- 
ening. In these foci of softening we observe a cbaiaoteriatic variety ot 
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fuBifonn coTpascles, which are onlj visible od careful esami nation, in the 
Ttiidst of the mydine within the undestroyed nerve-tubes. They conatit'ite 
the so-called varicoae hypertrophy of the axis cylinder. 

According to Hajem, irritation of the connective tissue elements ia 
also a cause of cerebral itiliammation. An exudation then occurs into the 
irritated elements of the connective tissue, from which it is propagated to 
' the nuclei, to the amorphous reticulum of the neuroglia, and to the capil- 
laries. In a case of spontaneous encephalitis, Hayem found — in addition 
to inflammatory foci in the corpus striatum and optic thalamus — a larg'O 
number of cellular or nuclear elements in the interstitial connective tissue 
and transition forms between those and fatty granules, with fatty infiltra- 
tion of the walls of the vessels. Exudations, with a large proportion of 
fluid, may present the appearances of cedema. Hayem diHtinguishes three 
varieties of interstitial encephalitis, v'lx., a auppurativi farm, in which we 
find pus-globules, and which is usually acute, rarely cLronio; a hyperplaX' 
tic form, which gives rise to indifferent elements and runs a subacute 
course; and, finally, a sclerotic form, in which the neuroglia becomes trans- 
formed into connective tissue, and which is almost always chronic. Eaoh 
of these varieties may be limited to one spot or disseminated, ciroum- 
acribed, or diffuse, and may exist as primary or secondary affections. 

The inflammatory processes just described are also found in several 
forms of insanity and in the encephalitis of old age. Division and absorp- 
tion of the exudation, retrogressive changes and sclerosis, or even suppu- 
ration follow, more or leas rapidly, upon the above-mentioned inflamma- 
tory processes. The phenomena of absorption consist, according to Vir- 
chow, in the filling of the pre-existing cells of the neuroglia and of the 
new-formed cells with fatty granules (Gluge's inflammatory globules). 
This process is not peculiar to inflammation, but has also been observed 
by Tuerck in encephalitis, with atrophic degeneration ot the central ner- 
vous system. When the inflammation goes on to suppuration, the pua 
usually forms in the medullary substance, especially in the cerebral hemi- 
spheres, and, according to Lebert, oftener on the left than on the right 
side. The surrounding cerebral tissue is softened and cedematous, and the 
affected portion of the brain is swollen and anremic. When the pus pene- 
trates to the surface of the brain, the cortical substance also becomes in- 
volved. The cerebellum, which ia rich in gray matter, is very liable to 
abscess formation. The cavity of the abscess is rounded, usually filled 
with a thick, greenish, inodorous (but sometimes fcetid) pus, and with the 
dfibris of the parenchyma. The contents vary from a few grammes to 200 
grammes or more, and the volume of the abscess from the size of a pea to 
that of an apple. In rare cases an entire hemisphere has been found 
transformed into a large collection of pus. The purulent foyer is usually 
■ingle, but sometimes several foci are present. 

A diffuse abscess of the brain lies in immediate contact with the 
rounding, softened cerebral tissue. In most casea it extends far and wide, 
and forces its way outward, setting up an inflammation of the sinuses 
and meninges. In rare cases it may appear at the exterior of the skull, 
or force its way into the cavity of the tympanum or into the nasal foasie. 
More frequently, however, it opens in the direction of least resistance (to- 
wards the ventricles) and the fatal issue soon occurs. 

Cerebral abscesses become encysted in the majority of casea. The 
cysi-wall is formed of a very vascular membrane, which is, at first, thin 
and soft; from the second to the third months it becomes thicker and 
okoi-o resisting, and is composed of two or three layers, the external layera 
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being' fibro-oell'jlar in Btmcture, the iolernal ones presenting a mucoid 
appearanee. In verj rare caeea, recovery may occur from absorption and 
partial calcification of the purulent mass, with retraction and disappearance 
of the cyat-wall. Very often a relapse of the inflammation terminates in 
death. Sometimes the membrane, being greatly distended and compress- 
ine the adjacent parts, ruptures and the pus escapes. , . , , jv-m 






The cerebral parenchyma may become inflamed from estemal morbid 
influences, or from irritation within the cranial cavity. In the first category 
we frequently find: traumatic lesions and concussion of the skull (otitis 
has been observed in a quarter of the cases of cerebral abscess), suppurat- 
ing erysipelas of the face and scalp, high temperature (insolation), etc, 
Cerebritis is sometimes primary, sometimes secondary. In the latter 
Tariety, the meninges are almost always involved in the diseased process; 
the vascular system plays an important role, either directly or indirectly. 
Among the internal causes of cerebral inflamraation, we must here include 
fatty and calcareous degeneration of the vessels, epithelial changes in the 
arteries, obliteration by emboli, the transportation of septic and infectious 
particles (pyjemia, typhoid fever, puerperal diseases, glanders), and the 
toxic action of certain metals (mercury and lead). The cerebral inflam- 
mations due to hsemorrhages or tumors are also caused by disturbances of 
circulation and nutrition. According to Virchow, we must also classify 
the inflammatory processes, occurring in children who are born of syphili- 
tic or variolous parents, among the internal causes leading to interstitial 
encephalitis and to fatty degeneration of the cells of the neuroglia. We 
may finally mention the interstitial connective -tissue changes found in 
insanity. 

Encephalitis occurs at aU ages. It may be found even in childhood; 
in youth and mature age, otitis and the infectious, contagious, and toxic 
nonditions above mqg^ioned are the most frequent sources of encephalitis 
and its sequences, ifc old age, it is more frequently due to diseases of 
the vascular system. ^Jerebral inflammation and abscess are more common 
in males, on account of the greater frequency in them of the etiological 
factors. 

Symptomatoloffy. 

Cerebral inflammation presents various aspects as regards its symptoms 
and course. A certain classification has been adopted, corresponding to 
the most important forms of encephalitis. 

These are the meningeal form, characterized by symptoms of febrile 
excitement followed by depression; the comafose/brm, characterized by 
the prompt appearance and persistence of drowsiness, immobility, and dila- 
tation of the pupils, convulsions, early abolition of muscular activity, and 
a fatal termination ; the paralytic form, which is manifested in circum- 
scribed foyers, by the extenirion of paralysis to the limbs, or to one-half of 
the body, by disturbances of gait, speech and intelligence, without severe 
symptoms of irritation; the apoplectic form, which is usually fatal after a 
fulminant course, attended with loss of consciousness and sudden paral- 
ysis; finally, the epileptic form, which begins, especially in children and 
females, with convulsions or with eclamptic attacks, and terminates, &ftei 
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temporary return of consciousness, in general paralysis. All these forms 
really represent the persistence ond aggravation of different stages of 
encephatitia with predominance of certain aymptoms of irritation and 
depression. 

The study of the special pathof/nomonic siffna embraces severe and 
profound functional disturbances of the nervous system. 

Cephalalgia is a very frequent initial symptom, although not a constant 
one. It is sometimes especially violent in those forms which follow trau- 
matic lesions or otitis, but it does not furnish any precise indications as to 
the seat of the foyer. 

The pnyrMcai disturbances vary a great deal, according to the course 
and form of the disease. In the acute forms we especially observe an. 
early change in the intelligence, some delirium and somnolence, and, at 
a later period, profound coma usually supervenes. Chronic encephalitis 
Tory rarely leaves the intellectual faculties intact. In most cases there 
ia a progressive loss of intelligence, varying from mere loss of memory to 
complete imbecility. The disturbances of speech are sometimes due to 
paralysis of the tongue, and sometimes they are of an aphasic nature. 

The disorders of motion are also extremely variable. In the begin- 
ning, certain symptoms of partial irritation usually predominate, BUch aa 
clonic or tonic convulsions in the muscles of one-half the body, of one 
eitremity or of one aide of the face, convulsive atrabisraus, and much more 
rarely general convulsions. The frequency and intensity of the symp- 
toms testify to the severity of the alTection. The paralyses which occur 
are often intermingled with convulsive disorders. They generally appear 
early, progressing usually from the extremities to the trunk, may be either 
complete or incomplete, and usually assume the hemiplegia type. With a 
little care, we may distinguish contracture or paralysis of the facial muscles. 
In lesions of the facial nerve in the Fallopian aqueduct, aa a consequence 
of otitis, these aymptoms have a peripheral origin. 

Sensibiliiy is often increased from the beginning. Neuralgic paina in 
the limbs and cutaneous hyperesthesia in some situations, are frequently 
observed, SenaatioDS of cold, pruritua, formication, and heaviness of the 
limbs are very frequent. Later, we may observe more or less complete 
anesthesia, usually combined with motor paralysia. 

These various conditions are accompanied by a more or less intense 
fever. The acceleration of the pulse and respiration, and the elevation of 
temperature, are due to the intensity of the inflammatory process; bat 
aometimea, when the cerebral compression increases, these fuuotiona are 
lowered beneath the normal. The nausea and violent vomiting which ap- 
pear at the onset, disappear during the course of the disease. The tongue 
IS coated and the appetite lost, as in other febrile aSectiona. Deglutition 
may be impeded from the beginning by spasm of the pharyngeal muscles, 
and, later, it may be completely abolished by their paralysis. Very fre- 
quently obstinate constipation exists; involuntary evacuationa are more 
rarely observed; retentioo and incontinence of urine may also occur. Re- 
laxation of the sphincters, bed-sores, and asphyxia are the final signa of 
the general decay. 

In apontaneotis encephalitis, the signs of cerebral congestion (headache, 
rertigo, somnolence, delirium, slight subsnltus, nausea, etc.) may continue 
long time before a noticeable embarrassment of speech, strabismus, 
spasms in the muscles of the face and limbs, oonvulaions, loss of conscious- 
ness, and persistent hemiplegio disorders show the existence of seriom 
nerebral disease. 
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la traumatio encephalitis, tlie symptoms more often bear the stamp of 
meningitis. In many cases, symptoms indicative of a slight brain lesion 
give place, after a long period, to a sudden and fatal onset of cerebral dia- 
turbancea. 

.Encephalitis following otitis ia preceded by the symptoms of the local 
disease. Pain in the ear, purulent otorrhcea, mflammation of the external 
auditory canal, lesions of the tympanum, and loss of hearing, precede the 
symptoms of cerebral inflammation, which usually runs an insidious course 
and is often attended by disease of the meningps and vascular canals. 
Violent headache, vomiting, delirium, fever with chilla, aubaultus, spasms 
or paralyses of the muscles of the face and extremities, and hemiplegia, 
piay be present for a long time; then follow coma and death. Abscess of 
the brain has been noted by Rud. Meyer (Zur Pathologie des Hirnab- 
Boeaaes, diss, inaug. Zurich, 186?) twenty-eight times in 86 cases of caries 
of the temporal bone. Toynbee has shown that lesion of the osseous struc- 
ture of the external auditory canal gives rise to disease of the lateral sinus 
and cerebellum, lesions of the cavity of the tympanum to disease of the 
cerebrum, and those of the labyrinth to disease of the medulla oblongata; 
exceptions to this rule may, however, occur. 

■ Cerebral abscess, following chronic inflammation of the mucous mem- 
branes of the auditory apparatus or nasal fossfe, and that following lesions 
of the skull, violent cerebral concussion or foci of suppuration in different 
organs, begins with intense headache, corresponding to the site of the 
affection, with high fever, severe and frequent convulsions and, usually, 
with loss of consciousness. Then follow drowsiness and the motor symp- 
toms of a circumscribed lesion. Spontaneous cure of cerebral abscess has 
!ver been observed and it can only occur after a surgical operation, giv- 
g exit to the pus. 

The following are the most recent observations with regard to the site 
of the encephalitis and the corresponding symptoms: In encephalitis, or 
abscess of the frontal lobes {following a trauma or ozasna), frontal head- 
ache is a frequent symptom. There are disturbances of consciousness 
.nd of the mental faculties, convulsions, pareses of the opposite aide of 
the body, and sometimes aphasia. Tn encephalitis of the walls of t/ie Syl- 
vian Jisaure, or of their paths of communication with the frontal and pari- 
etal regions, aphasia is the most striking symptom. .Encephalitis of the 
motor ganglia is manifested by disorders of intelligence and contractures, 
followed by paralysis of one half the face and body. In CTieephalitis of 
the tubercula guadrigemina, amaurosis occurs at an early period (oph- 
thalmoscopic examination, according to Galezowaki, ia at first negative, 
but finally shows atrophy of the optic nerves). Mtcephalitis of the cere- 
bral peduncle causes paralysis of the oculo-motor nerve on the same side, 
disorders of motion and sensation in the limbs on the opposite side of the 
body, and disturbances of vision from coexisting lesions in the roots of 
the optic nerves. Encephalitis of the pons varolii is very rarely of an in- 
flammatory nature. The softening usually results from atheroma and 
obliteration of the basilar artery, and produces hemiplegia of motion and 
sensation, either of an apoplectic type or with a stow course, with dilata- 
tion of the pupils, and difficulty of speech or respiration. Eticephalitis of 
the cerebellum is manifested by violent occipital headache, vomiting, uncer- 
tainty of movements, general convulsions, and stifFness of the muscles of 
the neck. These last symptoms, with absence of signs of a lesion " en 
foyer," indicate the presence of an abscess in the cerebellum. 

Complete reoovery is one of the rarest terminations of enoephalitia. 
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The majority of cases of improvement oily lead to a greater or leasdegre* 
of restoration of the cerebral functions. In a fatal case, reported by J. 
Russel, and one of recovery reported by Scholz, tbe encephalitis termi- 
nated by tbe discharge of the pus through a perforation In the cranial 

The usual termination is in death. This is caused by extension of the 
cerebral lesions, by the compression and aniemia due to CEdematoua 
swelling, or by complication with meniugitis, haemorrhage, effusion of 
serum, opening of the abscess into tbe ventricles or cavity of the arach- 
noid, hypostasiE, gangrenous bed-sores, etc. Death usually occurs from 
the first to the fourth week of the disease, 

Diagnoais and Prognoait, 

It is especially difficult to distinguish encephalitis from menin^tis. 
High fever and violent, irritative symptoms at the onset, irritation of the 
sensorial functions, equal implication of both sides of the body (eicept 
the paralyses in the last stage of the disease) are indicative of meningitis. 
In encephalitis, on the other hand, we observe less fever, the early appear- 
ance oE partial convulsions, usually limited to one side of the body, and 
contractures and paralyses. It is also very difficult to differentiate cerebral 
hasmorrhage from the apoplectic form of encephalitis, "We may mention 
as diagnostic signs of some importance, that the symptoms of hjemorrhaga 
attain their maximum severity at the beginning and then gradually im- 
prove, while the reverse holds true in encephalitis (Rostau). In the lat- 
ter, also, the loss of consciousness is less complete, the unilateral convul- 
sions and contractures are much more frequent and severe, and the 
paralyses are less marked and persistent. Furthermore, in cerebral in- 
flammation, the pulse is usually very irregular and intermittent during 
the first few days, and cutaneous hyperesthesia may be present — symp- 
toms which are absent in apoplexy. 

In common with tumors, cerebral abscess presents the signs of com- 
pression and of inflammation around the abscess, and the diagnosis may 
depend upon the etiology and progress of the disease. When, after in- 
juries to the skull and violent cerebral concussion, disturbances of intelli- 
gence and motion develop within a few days and terminate, after a remis- 
sion of greater or less duration, in convulsions and localized paralyses, we 
are justified in diagnosing an abscess of the brain. If any of the etiologi- 
cal factors of cerebral abscess are present, and symptoms of a local lesion 
in the brain (terminating in death at the end of three or four weeks) de- 
velop, we are also warranted in making a diagnosis of abscess. 

The prognosis is extremely unfavorable. Even in the rare cases in 
which the patients recover, they are always threatened by the danger of a 
relapse. Several recoveries have occurred from traumatic encephalitis and, 
witho.ut doubt, because the brain had been previously healthy in these 
eases. Men ingo-en cephalitis following otitis usually terminates rapidly 
in death, and, even when the increase of the otorrhcea diminishes the vio- 
lence of the cerebral symptoms, a cerebral lesion remains which may after- 
ward give rise to a fatal exacerbation. 

TreatmetU, 

We may employ active antiphlogistic measures (cold applications, 
leeching, intestinal derivation) to combat the initial symptoms in trau- . 



matic encephalitis and in the meningeal or apoplectic forms. When aymp- 
toms of encephalitia develop after otitis, we should prescribe mild laxatives 
in addition to cataplasms and lukewarm, non>irritating injections into the 
ear, with small doses of the narcotics, if the patient suffers from severe 
pain and iosomnia. The latter drugs are contra indicated when signs of 
cerebral compression are present. Leeches should not be employed when 
the patients are debilitated, tuberculous or scrofulous. In diathetic con- 
ditions, good results have sometimes been obtained fropi the use of iodide 
of iron. When symptoms of depression are imminent, we may employ 
cold affusions. Surgical interference may perhaps be resorted to, if the 
brain has been previously healthy and if the patient is young and robust. 
But, on account of the great difficulty of locating the exact site of the 
abscess, trephining may only be performed when certain severe symptoms 
are present, such as aphasia, or when there is irritation from compression 
of the skull. Benz obtained a recovery in a case of traumatic cerebral 
abscess (Tuebingen, 1867), by means of aspiration of the pus through a 
Ime trocar. 
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CHAPTER VII. 

CEBSBBAJ, EHBOLISH AND THB0MB08I8. 

J^atholoffic^ Anatomy and Ej-ptrimentai Inveetigationa. 

In cerebral embolism, which is generally caused by a clot that has been 
detached from the heart or large vessels, anremia is immediately produced 
within the territory of the branches which start from the obliterated trunk. 
This aniemia may be partly masked by the coexisting venous stasis. The 
increase of the current of blood in the other vessels soon gives rise, in fav- 
orable cases, to a sufGcient collateral circulation; or the persistence of the 
ischfcmia and the increase of the collateral blood-pressure cause compen- 
satory hypersemia of the neighboring parts, with serous transudations, 
more or less appreciable estravasattona and capillary h.-emorrhages. 

Necrobiosis of the cerebral tissue usually develops in the centre of the 
iachffimic region. The parenchyma is softened, and after a few days, con- 
tains large masses of granular corpuscles and cells. The nerve fibres and 
cells, which have undergone retrogressive changes, present a red, yellow, or 
white color, according to the proportions of the coloring-matter of the 
blood and of the fatty corpuscles present. The erabolismic focus may also 
give rise to peripheral inflammatory changes which, like those of pnmary 
encephalitis, may terminate in softening, cyst formation, abscess, or scle- 
rosis. When these secondary inflanimatory conditions have attained ft 
certain intensity and duration, the obliterated vessels may also become in- 
volved in the inflammation or, on the other hand, they may again become 
permeable. 

In the very frequently occurring embolism of the middle cerebraj 
artery, which principally supplies the central ganglia and the surrounding 
medullary substance, the foci of softening not only involve the motor cen- 
tres, but also the medullary substance situated behind the lenticular gan- 
glion, and which serves to transmit sensory impressions. If the secondary 
disturbances of circulation are not of a serious nature, they will be fol- 
lowed, in this region, by less severe disturbances and by a more ready re 
covery. 

In thrombosis of the carotids or cerebral arteries, due to inflammatory 
or specific changes in the walls of the vessels, to cachectic or diathetio 
diseases or to local compression, a thrombus, which completely obstructs 
the lumen of the vessel and the approach to its branches, may cause ths 
development of foci of softening. 

Experimental investigations by numerous observers have shown that 
cerebral embolism in animals gives rise to a rapidly fatal apoplectiform 
attack, characterized by convulsions and tetanic spasms, followed by relax- 
ation, by diiEcuIty and slowness of respiration, spasm of the respiratory 
muscles, and insensibility of the conjunctiva, with preservation of aomeM 
Bonsibility. 
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Cerebral embolism is most frequently due to diseases of the endoc&r- 
dium and heart-valves. Inflammatory or atheromatous processes of the 
endocardium may cause a deposit of fibrin, portions of which, b3 well as 
fragmenta of the softened valves or calcareous concretions, may become de- 
tached and be carried into the cerebral arteries. With the exception of 
the kidneys and spleen, the brain is the most frequent site of embolism. 

In addition to endocarditis, the other causes of cerebral embolism are: 
fatty granules from depots of suppuration, obstruction of very small 
cerebral arteries by the accumulation of white blood-globulea in pyjeriiia 
{Rokitansky) and in leuktemia (Ranvier, Thudichum), or by pigment in 
intermittent fever. Finally, embolism may 
be caused by tlie introduction of foreign 
bodies into the vascular system, such as 
particles of cancerous, tuberculous, puri- 
lorm or gangrenous matter, or such aa are 
derived from perforating myocarditis, the 
yesicles of echinococci, or syphilitic tumors 
breaking into the cavities or the heart. 

Arterial thrombosis, which predisposes iwomnjira- tnmiFim mh; tarmod m us 
to the formation of emboli, may be caused 
V senile atrophy of the arteries. Disturbances of nutrition in the walls 
E the vessels, fatty degeneration of the cerebral arteries in pyjemia, puer- 
peral diseases, scurvy and chronic alcoholism, and syphilitic exudations into 
the walls of the carotid, of the arteries at the base, and of the cerebral 
arterioles, may also give rise to the formation of thrombi and the detach- 
ment of fatty particles or corpuscles, constituting emboli. Venous 
thrombosis is sometimes observed in inflammation and suppuration of the 
internal wall of the veins in consequence of phlebitis and pyemia, or when 
inflammation and exudation are propagated from the tunica adventitia to 
the tunica interna or, finally, in some diathetic conditions or trauma- 
tisms. 

Certain vessels are particularly predisposed, by their anatomical situa- 
tion, to receive obstructing clots. Among the large vessels of the head, 
the left carotid is very much exposed to embolism, by reason of its long, 
straight course and the oblique direction to the left and backward which 
it assumes on leaving the arch of the aorta. Among the cerebral arteries, 
the middle cerebral is most hable to embolism (45.7 to 100), then the in. 
temal carotid, then the basilar and vertebral arteries, and, very rarely, the 
, artery of the corpus callosura. 

It appears, from recent observations, that the anatomical relations of 
the affected artery to the neighboring vessels exert a considerable influence 
upon the accidents of embolism. According to Cohnheim, if an arterial 
anastomosis exists it will carry blood into the capillaries of the obliterated 
artery. But if the embolism affects a terminal artery, deprived of all an- 
I astomosis, the blood will remain stagnant in the course of the artery, and 
I its capillaries and veins, until such time as the blood, starting from 
the veins in which the circulation has remained unobstructed, returns 
into those which have been shut off, and passes backward into the capil- 
laries, and then into that portion of tlie artery situated beyond the em- 
bolus. 

After prolonged action of the stasis upon the vkscular walls, the latter 
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will permit the solid constituents of the blood to pass throng'h tfaem. 
Thua, embolism of a terminal artery will not only lead to necrosis, but 
also to a rapid and abundant extravasation of blood -globule a outside of 
the vessels, and to hemorrhagic infarctions. 

Heubner has ascertained the territories over whose nutrition each of 
the cerebral arteries presides. He has found that the Circle of Willis, and 
the principal vessels of the brain, send terminal branches (without anas- 
tomosis) to perfectly distinct regions of the central ganglia and adjacent 
portions of the mesocephalon. The cortex, however, ia supplied by ves- 
sels which anastomose very freely in the pia mater, from the meshes of 
which vessels pass off at nght angles towards the cortex and subjacent 
medullary tissue. This explains the infrequency of embolism and soften- 
ing in the cortical substance. As accidental causes of the disintegration 
of thrombi and of sudden obliteration of the vessels, we may mention men- 
tal excitement, and especially the physical strain caused in many of these 
patients by change of posture, by defecation, and by coughing, etc The 
male sex manifest a greater predisposition than the female, owing to the 
greater frequency of endocarditis, of diseases of the heart and vessels in 
the former, as well as to the greater hardships endured by them. Cere- 
bral embolism ia rarely observed before the age of twenty years. It is 
most frequent from twenty to forty years, and from this period until the 
age of sixty it continually diminishes in frequency. 
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The symptoms usually begin suddenly, the premonitory symptoms 
(headache, vertigo, dyspnoea) belonging to the primary disease. The pa- 
tient suddenly falls down, often in a convulsion. The face is pale and 
oold, consciousness ia partially or completely lost, but returns after a little 
while or at the end of a few hours. After the return of consciousness, 
the disorders of motion, sensation, special senses and speech, appear more 
clearly. There is usually incomplete hemiplegia on the side opposite to 
the embolism, with paresis of the respiratory muscles of the face, and 
greater or less disturbances of sensation, Tlie movements of the tongue 
remain intact. 

Among the disorders of the special senses, hemiopia and unilateral 
amaurosis with alternate hemiplegia are characteristic signs. They are 
due to extravasations into the optic nerve, and to embolism of the central 
artery of the retina on the corresponding side. The ophthalmoscope shows 

fiallor of the papilla and absence of pulsation in the retinal arteries. The 
alter are narrow, the veins are larger at the periphery, and the macula is 
surrounded by small hosmorrhages. Embolic amaurosis may precede the 
cerebral embolism for several days. 

Aphasia is another characteristic symptom of cerebral embolism. This 
, peculiar affection of the faculty of speech, usually occurring with pre- 
servation of intelligence and of the movements of the tongue, and which 
n rise to much discussion during the last few years. 
i formulated the doctrine that aphasia is due to a lesion of the left 
frontal lobe and of the posterior part of the third frontal convolution. 

Within recent times, considerable change has occurred in the clinical 

and anatomical study of aphasia. From a clinical point of view, we have 

better appreciation of the various forms of aphasia, its connection with 

hemiplegia of motion and sensation, and Its appearance in consequence of 
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embolism, softening, or other lesions of the brain, in typhoid fever, the 
aonte CKanthemata, erysipelas, Bright'a disease, diabetes, hysteria, eata- 
iepay, epilepsy, eta. Not infrequently the aSection appears temporarily 
in the course of cerebral diseases and passes unnoticed. At other 
times aphasia isaa intermittent symptom, but it is more often persistent. 

According to the varying intensity of the aphasia, the patients lose 
the faculty of calling surrounding objects by name, of telhng their own 
name or those of their acquaintances. They change words, invert sylla- 
bles, or answer all questions by certain stereotyped phrases or fragments 
of words, wLUe some of them mechanically repeat verses or prayers 
learned at a previous period. In other cases, the aphasics invert syllables 
in reading as well as in writing from dictation, although they are able to 
transcribe properly after having well considered the words which are 
placed before them. Sometimes the adaptation of the words or oharactera 
to ideas is lost, and sometimes the adaptation of ideas to the words. In 
severe forms the disturbances of the understanding, as well as the discord 
between ideas and objective sensations, testify to disorder of the intel 
lectual faculties. 

Lesions of the frontal convolutions in aphasia have been demonstrated 
for some years by a large number of autopsies. The anatomical value of 
these data is not diminished by the fact that language may be preserved 
after weU-defined traumatic or pathological lesions of the anterior lobes, 
or by Cruveiihier's ease of an idiot, aged 13 years, and speaking diatinotty, 
with congenital atrophy of the anterior lobes. Id the first case, complete 
destruction of all the active parts of the anterior lobes has never been 
determined by the microscope. In Cruveiihier's case, the posterior and 
transverse halves of the third left frontal convolution and a considerable 
portion of the right anterior lobe were preserved. 

In addition to the lesions of the frontal, and adjacent portions of the 
parietal' lobe, a large number of cases have been observed in which the 
island of Reil and its neighborhood (either alone or together with the an- 
terior lobe) were the seat of a htemorrhage or encephalitis with aphasia. 
Of fifty cases of aphasia collected by Lohmeyer {Langenb. Arch., t. XIII., 
1872), the third frontal convolution was involved thirty-four times, and in 
the sixteen remaining cases, the island of Reil and the middle or posterior 
lobes were aloue affected. The majority were due to embolism of the left 
middle cerebral artery. 

A critical examination of published cases proves that the lesions found 
in the brain agree perfectly with the topographical notions recently ac- 
quired concerning the distribution of the cerebral vessels. As Heubner 
has shown, the middle cerebral, in the first few centimetres of its course, 
nourishes, in great part, the central ganglia and adjacent medullary 
substance. The same vessel supplies the island of Reil, which it tra- 
verses, and then divides into several branches, the first two supplying the 
second and third frontal convolutions, and the third and fourth branohes 
supplying the central convolutions, the parietal gyri which are directed 
towards the convexity of the brain, and the adjacent temporal convolu- 
tions. When all the branches of the artery are plugged Up by emboli, 
hemiplegia of motion and sensation will result with marked aphasia. In 
slighter forms the centres of motion and sensation remain intact. 

The united results of anatomical and clinical investigations prove that 
I man the function of language has its central seat in the region com- 
prising the island of Ueil, and its connections with the frontal lobes and 
. with the central and parietal convolutions. In various forms of aphasia 
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the lesion may be situated in the deeper or more auperfici&l portions of 
the region above mentioned. 

Popham and Ogle have differentiated amnesic aphasia, in vhioh there 
is loss of memory of words as symbols of ideas, from ataxic aphasia, io 
which loss of co-ordination occura in the muscleB presiding over the articu- 
lation of speech. But this division is too artificial for all casea. It is 
more reasonable to suppose that a function so complex as language arises 
from the combined action of important parts of the brain. The abolition 
or weakening of their functional manifestations will operate upon the for- 
mation of langoiage in tho brain, in the same way that interruption of 
motory or sensory stimulation in more or less wounded portions of the 
gray substance will act in the cord. The predominance of left-sided 
lesions in aphasia is due, according to Leyden, to the more ready flow ot 
blood in the left carotid and, according to Gratiolet, to the earlier em- 
bryonic formation of the left hemisphere (denied by Carl Vogi), and of 
the muscles on the right side of the body. 

Aphasia from lesion of the right hemisphere has been observed, accord- 
ing to Ogle, in left-handed individuals. According to Broadbent and Ogle, 
the cerebral convolutions, in the brains of left-handed individuals, have 
been found more developed on the right side, while, as a general rule, the 
convolutions of the left side are larger. The facts hitherto observed indi- 
cate that the left hemisphere plays the most important, but not exclusive, 
r61e as the central organ in the fonnation of language. 

Among the coniplicationa of cerebral emboUstn we may mention bilat- 
eral emboUam and the coexistence of cerebral embolism with that of other 
arteries. Bilateral emholism is rarely produced at the first oiiaet, but al- 
most always in different attacks. These cases are characterized by the 
following symptoms: epileptiform attack, temporary loss of speech, paral- 
ysis of one half, rarely of both halves of the body, hurried and convulsive 
respiration, unilateral aniesthesia of the conjunctiva with normal sensibility 
of the cornea. Brie nmeyer'a case of double cerebral embolism presented 
all the appearances of general prog'reasive paralysis. A complication with 
embolism in other arteries manifests itself by the symptoms peculiar to 
the latter. Crural embolism is followed by absence of pulsation and sud- 
den paralysis in the lower limb {especially the extensorsof the thigh, with 
loss of eloctro-museular contractility) and by the gangrene which usualljf 
follows arrest in the current of blood. Embolism of the splenic artery u 
followed by sudden and painful swelling of the spleen; embolism of the 
renal artery, by hematuria and albuminuria; embolism of the mesenteric ar- 
tery, by sudden intestinal hieniorrhage and abdominal pain. Embolism of 
the eapillaries of the skin, under the form of isolated or grouped spots, 
which partially disappear under pressure, may also occur in the course of 
cerebral embolism. 

The terminuiirm of cerebral embolism depends upon the intensity and 
seat of the lesions. When the extravasation is promptly absorbed, and the 
arterial plug disappears by fragmentation, before the brain has suffered 
any serious disturbance, when only the large arteries have been obstructed, 
and the circle of Willis has quickly restored the collateral circulation, and 
when the anaemia of the affected portions has not extended too far, the 
disorders dependent upon the cerebral lesion and the disturbances of speech 
may retrograde. In embolism of the internal carotid (manifested by loss of 
consciousness, hemiplegia of the opposite side, often by severe convulsive 
attacks, by symptoms of aULCmia, and of collapse, with slow pulse and res- 
piration), the signs of passive hypenemia of the brain do not appear, M 



DISEASES OF SHB trERTOTTB STBTBM. 79 

the re-eatablisliment of the collateral circulation is not delayed beyond 24— 
4;; houra. 

The progress of the disease is less favorable when the embolus is sit- 
uated beyond the circle of Willis, since the collateral circulation is not es- 
tablished so readily and foci of softening almost alwa^'s occur. In the 
most favorable cases, a cyst or cicatns forms, attended by persisteut paral- 
ysis of motion and sensation, and by disorders of speeqb^d of the mental 
faculties. 

Ifiagnoaia and Prognosis. 

The diagnosis of cerebral embolism sometimes presents great difficul- 
iies, especially in its differentiation from hrpmorrhage. Only a small num- 
ber of the symptoms have a diagnostic value. The premonitory appear- 
ance of hemiopia or a sudden subsequent embolic amaurosis, with alter- 
nate hemiplegia; the persistence of aphasia after an apoplectiform or con- 
vulsive seizure, and the combination of aphasia with hemiplegia of motion 
and sensation (usually on the right side) ; the paralysis of both halves of 
the body after several attacks of apoplexy, and the appearance of aphasia 
with right hemiplegia, — all these symptoms belong to cerebral embolism 
and not to ordinary hiemorrhage. The existence of cerebral embolism is 
extremely probable, when the apoplectiform attacks, in the absence of 
prodromata and of the symptoms peculiar to cerebral hyperiEmia, appear 
m young or adult subjects who have suffered from previous endocarditis. 

Embolic processes in other organs contribute but little towards clear- 
ing np the diagnosis. Embolism of the splenic or renal arteries may ex- 
ist without characteristic physical signs. The obstruction of the arteries 
of the extremities does not always facilitate the diagnosis, since the apo- 
plectiform symptoms may appear much later. 

Pigmentary embolism of the cerebral capillaries (apoplectic intermit- 
tent fever) is recognized by the appearance of coma and convulsions, with 
enlargement of the spleen, and a history of previous attacks of pernicious 
intermittent fever. 

The prognosis of cerebral embolism is grave. In embolism of the large 
arteries the collateral circulation may, indeed, be quickly re-established, 
the embolus be absorbed, the vessel become permeable, and even the par- 
alysis may recover. But the primary disease still exists and exposes the 
patient to the danger of new attacks. Often, also, disorders of motion and 
of the mental faculties persist in consequence of the changes in the cere- 
bral parenchyma, 

IVeaiment. 

In slight cases the patients require complete rest, cold compresses to 
the head and cooling drinks. If the symptoms of irritation or venous 
stasis develop, we mny apply ice to the head and employ digitalis and 
intestinal derivatives internally. In young and vigorous subjects we may 
even resort to leeching. When collapse threatens, stimulants should be 
employed for a short time. During the progress of recovery we may 
hasten the cure of the aphasia by teaching the patient short words in com- 
mon use, and by employing writing exercises. The faradic current may 
^ be applied to the paralyzed limbs. In aphasia due to traumatic lesions of 
^B the skull, this symptom sometimes yields to trephining. 
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CHAPTER Vin. 

CBSBBBU. ATBOPRT. 

Pathoiogiccd Anatomff. 




Cerebral atrophy varies aooording to the age of the patients, the de- 
velopment of the disease, and the morbid conditions which have given rise 
to it. Infantile cerebral atrophy may date from intra-uteriiie life, or con- 
stitute an atrophy of development (cerebral agenesia of Cazauvielh), 
dating back to the period at which the development of the brain and re- 
mainder of the economy occurred. The characteristic lesions are obliquity 
of the skull (one side of which is shrunken, deformed and thickened from 
premature closure of the sutures) and atrophy of the corresponding cere- 
bral hemisphere, with diminution in the size of the convolutions. The 
atrophy usually extends to the central ganglia and, to a greater or less 
extent, to the peduncles, pyramids and an tero -lateral columns of the oord. 
The atrophied portions are usually hardened, rarely softened; the cortical 
and medullary substances have lost their color and are studded with small 
collections of serum. 

In senile cerebral atrophy, diminution of the volume of the brain 
occurs physiologically, in consequence of a partial disappearance of the 
interstitial connective tissue, with a more or less marked diminution of 
the proper elements of the parenchyma, abundant pigmentation of the 
cortical cells, fatty and pigraeutary degeneration of the walls of the ves- 
sels, and the appearance of amyloid corpuscles. 

The cerebral atrophy which occurs at different periods of life, in the 
course o£ certain primary affections of a destructive nature, is sometimes 
partial and limited to one side, and sometimes general. Partial cerebral 
atrophy affects a portion of the medullary substance of the brain, with 
cicatricial retraction of the parenchyma, extending further towards the 
periphery, or the atrophy may follow the anatomical course of the fibres 
through the peduncles, pons varolii, and pyramids to the opposite side of 
the spinal cord; or a crossed lesion is found in the superior portions, such 
as atrophy of one cerebral and of the opposite cerebellar hemisphere. 

In general atrophy, the medullary substance of the hemispheres is 
chiefly involved. The frontal convolutions are unequally thinned, the 
Buloi larger and deeper, the medullary tissue is grayish -yellow and hard, 
the cortex is thin, and of a pale gray color, and the cortical cells are 
swollen and in a condition of amyloid degeneration. The consistence of 
the brain is increased, especially near the ventricles, which are dilated with 
fluid. The ependyma is granular and covered with warty growths of 
connective tissue. In the more advanced forms, the cerebral tissue, in 
consequence of the proliferation of the interstitial connective tissue, may 
acquire a leathery hardness, and the cut sections present a corrugated 
appearance. Tne vessels are dilated from hyperjemia and retraction of 
the surrounding tissue, and the medullary tissue and corpora striata are 
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Strewn with small holes (6tat cribl6 of Parehappe and Durand Fardel), 
The loss of weight in the brain in general paralysis of the insane is 
greater than in any other cerebral affection. The atrophy particularly 
involves the frontal lobes; the cerebellutn remains intact, although epi- 
lepsy is accompanied by great diminution of cerebellar weight. 
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Among the causes of atrophy of the cerebral substance, we must 
mention local affections of a destructive nature aa of the first importance, 
A large number of cases of so-called agenesia are due to intra-uterine 
affections, such as hremorrhage, encephalitis, and external and internal 
hydrocephalus. Physical shocks or violent emotions during pregnancy 
Kre, in some cases, the primary causes of the foetal diseases. In chitdren 
several years old, a fall may cause compression of one side of the skull, 
followed by convulsions and atrophy of one hemisphere. Cerebral atro- 
phy in weak-minded old people may also be due to the destructive le- 
sions which usually follow apoplexy, encephalitis, &c. 

The cerebral atrophies, which occur at various periods of life, are 
very often due to inllammations of the pia mater (by involving the ves- 
sels which supply the cortex), to hremorrhage, encephalitis, disturbances 
of nutrition following thromboaia and embolism, chronic hydrocephalus, 
and large tumors. The cerebral atrophy, which sometimes occurs under 
the injtuenee of causes modifying the general nutrition (alcohol, opium, 
lead, and syphilis), is due to lesions of the small cerebral arteries of which 
we have frequently spoken, and to the consequent disorders of nutrition. 
Leaiona of the periplieral nerves ahaa give rise to a consecutive atrophy 
of the corresponding central parts. Diseases of the retina and optio 
ncTve may be followed by atrophy of the tubercula quadrigemina and, in 
diseases of the spinal cord, degeneration of nerve fibres may result even 
in the brain. 
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In congenital atrophy, or in that which is produced during the 6rst 
years of life, the premature arrest of development of one half of the brain 
18 generally accompanied by considerable disturbance of the intellectual 
development. In marked cerebral atrophy, weakness of intellect, aboli- 
tion of the functions of the organs of special sense, deaf-mutism, and im- 
perfect sensibility in the paralyzed limbs, may be present. When the 
disease begins in ishildhood, the psychical changes are usually less marked. 
The varieties of crossed and unilateral atrophy, described by Virchow, 
are oharacterized by paralysis and atrophy of the opposite half of the 
body in addition to the obliquity and asymmetry of the skull. The 
limbs are more or less paralyzed (almost never completely), and deformed 
by contractures. In two cases which I observed the electro -muscular 
oontractility was not affected. In many cases strabismus and ptosis 
occur. Speech is usually only slightly changed. Frequently, the 
patients arc neither able to walk nor to eat alone, and remain infirm and 
crippled during their whole lives. The atrophy often begins with epi- 
leptiform convulsions or choreic trembling, which soon disappear or may 
recur from time to time until death. Atrophy of one half o( the pelvis. 
And of the bones, muscles, nerves, and spinal cord, upon tba same side aa 
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the atrophy of the cerebellum, and on the side opposite to the cerebm. 
hemisphere involved, is often observed in these oases. 

In sunile atropky, progressive deterioration of the mental faouitiea 
occurs with occasional stages of excitcmetit. The old people lose memorv 
and intelligenae, become absent-minded, and relapse into childLahnesa witHi 
apathy and somnolence. The senses become blunted, power of motioa ia 
gradually lost, tlie uncertainty of the movements and the tremor contin- 
ually increase, and the patients finally take to bed, and succumb to paral- 
ysis of the centres in the medulla (irregularity of pulse and respiration, 
paralysis of deglutition), or to hypostasis, bed-sores, bronchitis, or ooute 
pulmonary cedema. 

In partial atrophy in Ihejirat years of life, the symptoms differ accord- 
ing to the site and origin of the primary disease. In young people, the 
motor paralyses often disappear completely while the mental disorders 
gradually increase. General cerebral atrophy, after meningitis or disturb- 
ances of the general nutrition, is characterized by the progressive exten- 
■ion of the paralysis to both sides of the body, and by the gradual loss of 
the mental faculties until a stage of imbecility is reached. 

Diagnoeis and Prognosit. 

The intra-uterine varieties are reoogniKed immediately after birth by 
the existence of paralyses and spasmodic seizures. In the forms whicn 
arise during early childhood, the deformity of the skull, the crossed hemi- 

[)legia with atrophy and contracture of the limbs, the conrulaive and epi- 
eptiform seizures, and the mental disturbances, render the diagnosis easy. 
In the partial cerebral atrophies which occur at different periods of life, 
the previous existence of local affections of a destructive nature, of 
chronic changes from toxic influences, or of partial or hemiplegic disturb- 
ances of motion and sensation, and coexisting mental weakness, are sufii- 
cient to enable us to make a diagnosis. 

The /wo^osis of cerebral atrophy depends upon the period at which 
It develops, and upon its nature and causes. The atrophic degeneration 
of the brain which begins during intra-uterine life or shortly after birth, 
has a much more serious effect upon the physical and especially upon the 
mental development than atrophy occurring in a brain whose organization 
is more advanced and capable of resistance. In the latter case, improve- 
ment of the mental faculties has often tieen observed on account of the 
compensatory functional activity of the corresponding portions of the in- 
tact cerebral hemisphere. 

The prognosis of senile atrophy, as regards recovery or even improve- 
ment, is absolutely unfavorable. When partial cerebral atrophy occurs 
in young subjects, the local lesion may disappear in many cases, especially 
in those of traumatic origin, and the patients, thanks to their youth and 
previous good health, may recover the power of motion and the nutritive 
functions, but the mental faouitiea are usually not restored in a corre- 
■ponding manner. 

If an increase of mental weakness occurs under the observation of the 
physician, it is juatiSable to conclude that secondary atrophy is developing. 

Treatment. 

The treatment of cerebral atrophy merely consists of palliative meaa- 
In infaitile cerebral atrophy, when the symptoms of irritation have 
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subsided, the application of eleotrioitj to the paralyzed and ooatraotured 
limbs may produce some improvement. 

Orthopsedio and gymnastic measures and careful and persevering in« 
struction for the purpose of developing the intellectual faculties, are also 
useful. In senile atrophy improvement is out of the question. When 
the atrophy occurs at a less advanced age, in consequence of toxaemia or 
diathetic custurbances of nutrition, as in chronic alcoholism, lead poison- 
ing and cerebral syphilis, improvement may be obtained by the appropriate 
treatment of these conditions. In partial atrophy, following destructive 
local lesions, we may prescribe ^neral tonic and sedative remedies and 
may also employ mud antiphlogistic medication when signs of irritation 
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CXBEBRAL HYrESTROPITT, 

Pathological Anatomy. 

When the brain ia hypertrophied we will find, after removal of ths 
akull and incision of the meninges, tlint the organ projects outside of the 
skull. On horizontal section of the hemispheres we observe an unusual 
development of medullary tissue. The centrum seml-ovale and Ammon'a 
horn are unusually prominent, and the medullary Bubstance ia of a white 
color, almost like that of bone, and of much greater consistence than nor- 

The hypertrophy affects either an entire hemisphere or only certain 
portions of the brain, as the optic thalamus, pons varolii, and medulla ob- 
longata. In young children the skull is increased in size as in hydro- 
cephalus. When the sutures are united, cerebral hypertrophy may lead 
to absorption of the internal table of the convexity and base of the skull, 
or to the formation of lacunte in the walla of the frontal and sphenoidal 
sinuses, and in rare cases the sutures become separated. 

Now formation of the gray substance of the brain (heterotopia of the 
gray substance, Virchow) sometimes occurs. Usually we find difTuse in- 
terstitial hyperplasia, morbid production of cells and intercellular sub- 
stance, and proliferation of the neuroglia, as the cause of the increase 
the cerebral volume and weight. 



Miology. 

This is especially a disease of childhood, but may sometimes be con- 
genital. It usually appears towards the sixteenth month. Sometimes 
several members of a familv suffer from this affection. When it develops 
in the later periods of childhood, swelling of the lymphatic glands and 
thymus and signs of rachitis in the bones are found to coexist. 

At a more advanced age the causes of cerebral hypertrophy are alco- 
holism, lead poisoning, epilepsy, and insanity. It also occurs secondarily 
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Symptom otology. 

When the disproportion between the capacity of the skull and th* 
volume of the brain becomes slowly established, several years may elapse 
before the pathognomonic signs of cerebral hypertrophy make their ap- 
pearance. When the neuroglia proliferates rapidly and the development 
of the brain is retarded with predominant lesion of certain centres, the 
intra-cerebral pressure will be increased and manifest itself by symptoms 
I, followed by symptoms of depression. Weakness, tremor, and 
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DoMrtainty of gait are produced. The children carry the head erect with 
difficulty, and often stumble and fall. Convulsions limited to the muscles 
of the eye or upper extremities occur, and very frequently terminate" in 
paralyses with strabismus. 

To the convulsive phenomena belong' the periodical laryngeal spasms 

described by Muencbmeyer, under the name of thymic asthma. General 

convulsions are much more frequent and characteristic, but the attacks are 

lally short and may present the symptoms of eclampsia or of tetanic 

ffness. These convulsions are not due to the cerebral nypertrophy but 

rather to the periodical increase of cerebral anremia. 

There are few disorders of sensation in this affection. The patients 
are usually very timid and frightened at the least noise. 

The diminution of sensibility and of the functions of the special senses, 
which is observed in many cases, is undoubtedly the consequence of pre- 
Tious attacks. Disorders of intelligence occur generally in the more ad- 
vanced stages of cerebral hypertropliy. During the hrst stages of the 
disease, there is even precocious intelligence with temporary symptoms of 
excitement. At a later period the mental faculties may become weaker 
and weaker, and the patient finally becomes imbecile. 

Other frequent symptoms of cerebral hypertrophy consist of rachitic 
lesions of the bones, in the lower limbs as well as in the skull; difliculty 
of keeping the head erect, with a continual tendency to fall forward; and 
Bucking the tongue, which usually protrudes from the mouth, and, in 
some cases, is very much increased in size. The increase of the intra- 
cerebral pressure gives rise to vomiting, disturbances of the intelligence, 
retardation, followed by acceleration of the pulse and respiratiou, con- 
traction or dilatation of the pupils, and coma. Death usually occurs with 
symptoms of cerebral compression, or in an attack of convulsions, mora 
rarely in consequence of complications. 



Diagnosis and Prognosis. 

In a great many cases the symptoms are too obscure to permit an 
exaot diagnosis. Many authors have recognized, as a differential sign, a 
Dharaoteristio shape of the skull (angular with prominent frontal, parietal, 
and occipital protuberances). But this sign is only of value when other 
characteristic symptoms of the disease are present. In cerebral hyper, 
trophy, the increase in the size of the head occurs very slowly, while in 
chronic hydrocephalus the skull may assume considerable dimensions 
within a few months. In the former disease the fontanelles are consid- 
erably enlarged and pulsate strongly, while in the latter they are very 
large and prominent but pulsate very slightly or not at all. The cerebral 
souffle is heard in hypertrophy, but not in chronic hydrocephalus. When 
the fontanelles have closed at an early period and convulsive attacks 
lupervene (at first partial and of short duration, and afterward assuming 
an epileptiform character^, we are justified in making a diagnosis of 
cerebral hypertrophy and in excluding chronic hydroceplialus. 

The prognosis is so much the more grave, the earlier the appear- 
ance of the cerebral symptoms in children, and the more frequent and 
K violent the convulsive seizures and laryngeal spasms. Death may occur 
^B Buddenly in an epileptiform attack, or in a laryngeal spasm from asphys- 
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Slurbt hypertrophy, limited to oertain portions of the brain, may teimi' 
n^ f avoi^ly by u urest of the prooek ^ 



li'eaimenL 

Treatment can only be directed towards regulating the habits of life 
and preventiiu^ the dangers arising from intercurrent complications. The 
patients should receive hearty and easily digested nourishment (eges, 
milk, scraped meat). We may recommend country air, cool baths; the 
head should be elevated and screened from the heat. During epilepti- 
form convulsions, apply cold compresses to the head, remove the mucus 
from the mouth, and facilitate respiration by drawing the tongue for- 
wards. 
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CHAPTER X. 

tOLBBOSIB OF THE BOJUir AND COBD, 

Pathological Anatomy. 

Sclerosis affects various portions of the nerve centres. The braia 
and cord are rarely affected separately, but, usually, both are involved at 
the same time. In the brain the lesion affects, by preference, the medul- 
lary tissue, the cortical substance being involved much more infrequently. 
Upon a cut section of the brain, the foyers of sclerosis are seen to vary 
in size from a grain of hemp-seed to a hazel-nut, and form spots of a pale- 
gray color, transparent, hard, isolated or confluent, sharply defined and 
rounded, or having serrated borders. Some of these spots have a reddish 
gray color and a softer consistence. Jn the brai-n, these foyers are scat- 
tered throughout the white substance of the hemispheres, in the walls of 
the ventricles, corpus callosum, centrum ovale, septum luoidum, Amnion's 
horn, optic thalamus, corpus striatum, lenticular nucleus, peduncles, pons 
varolii, and in the medullary substance and rhomboidal body of the cere- 
beilura. The process is sometimes accompanied by unilateral atrophy 
of different portions of the brain. In very rare cases, heterotopia of the 
gray substance is found in addition to the sclerosis of the medullary 
substance. In the medulla oblongata, the sclerosis affects the olivary 
bodies, the pyramids, the diSeretit columns, and the floor of the fourth 
ventricle, with the nuclei of origin of the cranial nerves. In the spinal 
cord, the foyers involve all parts indifferently; they sometimes form small 
nodosities in certain isolated spots. 

Patches of sclerosis have been observed also upon the anterior and pos- 
terior roots of the spinal nerves. Among the cranial nerves, the foyers have 
been seen most frequently upon the optic, olfactory, and trigeminal nerves. 
They are much more rarely observed upon the motor nerves of the eye, 
upon the facial, and the roots of the hypoglossal, pneumogastric, and glos- 
so-pharyngesl nerves. 

The microscopical examinations of Fromman, Rindfleisch, Yulpian, and 
espeoially of Charcot, have given the following results: a nuclear prolifer- 
ation occurs in the peripheral zone of the sclerosed patches, within the tra- 
becuife of the reticulum which is, at first, very much thickened, then be- 
comes more and more indistinct and is finally replaced by connective-ti»' 
sue flbres. We can also detect some small cellular elements, with atrophy 
■md partial disappearance of the nerve fibres and preservation of the axis 
cylinders, which are sometimes very much hypertrophied. 

In the central portions of the patches the reticulum is entirely fb- 
plaoed by new-formed fibres, containing many amyloid corpuscbs. The 
trabeculie, cellular elements, and nerve fibres have disappeared with the 
enceptiou of a certain number of atrophied axis cylinders. There is con- 
siderable thickening of the walls of the vessels, with proliferation of th« 
Duolei. 
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The spinal cord ia strewn with tracts of connective tissue, which oon- 
tam, in addition to cellular elements, a considerable number of amyloid 
corpusdea. The nerve cells are in a condition of yeliow degeneration 

i Charcot) and atrophy, in the anterior horns (ScLueIc), posterior horns 
personal observation), and In the nuclei of the nerves of the medulla (Jof- 
froy). 



This affection occurs most often between the ages of twenty and thirty 
years, and is much more infrequent at a more advanced age. Sex appears 
to have no special influence upon the development of the disease. Ex- 
treme cold, prolonged mental distress, and intellectual over-exertion have 
been mentioned as causes; Guorard has seen the disease develop during 
pregnancy. 

The vascular system plays an important part in the genesis of the lo- 
siona of sclerosis, as has been previously pointed out by Rindileisch (Virch. 
Arch., Bd. XVI., 18(53). The researches and observations made since that 
time have given us a more accurate knowledge of this subject. The dila- 
tation and thickening of the vessels observed in the patches of sclerosis, 
and even in the adjacent healthy portions of the parenchyma; the predi- 
lection of the sclerosis for such portions of the brain, as the medullary 
substance and ganglia, to which the vessels of the base furnish terminal 
arteries, and the rarity of sclerosis in the cortex, which is provided with 
anastomotic meshes by means of which the equilibrium in tiie circulation 
is readily re-established; the predominance of the proliferation of the neu- 
roglia in the neighborhood of the vessels ; and finally, the clinical fact that 
sclerosis of the nervous centres may be due to conditions of excitation in 



efforts and cold, — all these circumstances tend to prove that the vascular 
system primarily plays an active part in the course of sclerosis, and that 
the nuclear proliferation, hyperplasia of the network of the neuroglia and 
atrophy of the nerve elements are secondary phenomena. 

Congestion of certain regions of a protracted course may also give 
rise, in virtue of a peculiar predisposition, to the formation of patches of 
disseminated hyperplasia in the nerve centres, and since the time of An- 
dral and Rokitansky, this hyperplasia has been considered a cause of cere- 
bral hypertrophy, 

Symptmnatology. 

In multiple sclerosis of the nerve centres, the first manifestations of 
the lesion may appear either on the part of the brain or on that of the 
spinal cord. In the cephalic forms {Charcot^ the disease begins with 
nausea, headache, vertigo, syncopal and apoplectiform attacks followed 
by diplopia, amblyopia, nystagmus, and disturbances of the intelligence 
and of speech. 

I Id the spinal forms, the patients, in the beginning, are easily tired and 
suffer from periodical pains and a sensation of cold; the paresis of the 
thighs causes a slow and trembling gait; inequality of the pupils often 
occurs. More frequently the symptoms have a mixed cJiaracter (cerebro- 
spinal), in which either the cerebral or spinal disturbances may predomi- 
In order to give a better idea of the oharacteriatio symptoms of thia 
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diaeaM, I shall give the following notes of a. hitherto unptihlished c&sa 
which came under my obsenratioii, and which is instructive in several re- 
spects. 

A penaml ffum&n, aged 23 jetzs, was taken slak bboat thiea months preriona to 
hei odinUHion into the hoapital, in conaequeace oC averwork and enposore to oold. Bad 
bad then suffered from beadaohe, verti|jo, weakneBs and fraqaeat oramps in tbe lowei 
UmbB. ExiLDiination of the paCieut revsEtlod noUiing abnormal in tbe abdomiaal oi 
thorocli: vUcero. Wbeo ibe attempled tu walk or ittaDd. she auffered from CremoE of 
the thighs anrl excesnire fatig-uR after tbe lapue o{ a tew mtnuteB, When tbe patient 
was raiHed, even alter a prolonged rext in bed, abe had a peculiar rooking movement 
of tbe bend and tremor in the timbs, which could even be produced in the horimntal 
poaitiou wheQ the patient woa suddcnl/ addressed in a loud tone ol voice, or when aha 
waa in a oondition ot ezoitement. Tbe gaze was fixed, the pupda markedly dilated, 
and apeeoh alow bat intelligible. 

In a very short time ahe begun to auffer from attacks (lasting two or three minutes) 
which were charactsrized b; conviilaive cloenire oC tbe ejelids, contraction of the mouth, 
tetan.cextemiion of tbe inferior limba. and contracture of tbe upper limbs as far as th< 
wrist and elbow ; consdouBQeaa was intact. I'he Hensorium become temporarily affect- 
ed at a later period, on account ot the repetition and prolongation of the attacka. In 
the (oltowing montbi, Bpeech became mare aud more embarniEi<ed and unintelligible. 
For a few moment" tbe patient could not speak ot nil, or only in a weak tone of voice 
and in monoayllablea I was nnabte to note any diaordfr of the memory or intelli- 
eenoe. The prolonged nse of bromide of potasalnm, nitrate of silver and electricity 
Bod no effect upon tbe oourse of tbe disease. 

At the onneC. reflex excitability was increased and aensibility diminished in the in- 
ferior half o( tbe body, and toworde tbe and of the first year of the dLieiiae tbe senai- 
bility of these part* bad become much more obtuse. Tbe galvanic excitability of tbe 
nerve traoks of the lower limbs and the fantdio excitability of the eitcnaors of the 
tbigb were conaiderabiy dimlniahed. 'Three months later, a febrile attack (pulse 100- 
ioC temperature 314.0-30.9 G.) occurred, which persisted for several days, at the end 
of which time motion waa completely abolished in the lower Uiubs. 

In tbe eighteenth month of the diseaae, vesical spasm and atrontfury occnrred and a 
week later, paralysis of the sphincters of the bladder and rectum. The lower limbs, 
which were paraplegic, atrophied and slightly oadematons, had lost their sensiljUity and 
eieotro-muaoular contractility. Tbe impairment of aeuEibiLty extended anteriorly to 
the sixth rib an<i posteriorly to the secoud lumbar vertebra. Towards the olose of flia 
niiietAentih month of tbe disease, the deglutition of liquids was alone pussible. Deatli 
occurred at this time, after increase of tbe bed-sores and of tbe somnolence. 

Autupay. — Brain anajmic, hyp|erfflmia limited t*l the cortex of the anterior lobes, 
atrophy of the posterior lobes «-ith thinning ot their convolutions. The white sab- 
■tance ia atrewi with patches varying iu aize from a hemp-aeed to on ulmoad, hard, 
resisting under tlie knife, of a pale gray color, and transparent. Similar patches were 
found in the corpus callosum, oentrum ovale, optic thalamus, corpus striatum, ante- 
rior tiiberoula quadrigemina, pineal gland, interior of tbe atrophied cerebellum, anterior 
surface of tbe pons varolii, and in the medulla oblongata. The spinal cord Is atrophied 
and extremely hard ; nodosities ore lound upon the snrface of dorsal region as well a« 
npon transverse section; numerous. pa tob as. similar in appearance to the first, are visible 
at the inferior portion of the lumbar region and in tbe lateral and posterior colnmus. 
Tbe gray substance, especially in tbe lumbar region, is of a pale red color and projecte 
peroeptibly above the plane of the transverse section. 

On microncopical examination of the sclerooed patches in the brain and cord, I ob- 
served a Srm net-work of wavy connective-tissae fibres, with ocUa scattered here and 
there. Tbe sheaths of the vessels were thiokened and infiltrated with proliferated 
nnolei. The cord in the anterior, and even more in the posterior portion, is crowded 
with connective tissue and amyloid oorpusctes, surrounding small islets of healthy tis- 
sue. Tbe large nerve celjs of the anterior horns present few changes ; the oells of the 
posterior horn, on the other hand, espeolally iu tbe lumbar region, are very much di- 
tDlnished in number, atrophied, opaque, without prolongations, and infiltrated in plaoes 
with a yellowish pigment. 
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limbs, partial eonvulsiona, etc. Weakness of motion and paralysis of one 
of the upper or lower limbs are soon superadded. In rare cases, these 
Bymptoms appear under the form of hemiplegia developing after epilepti- 
form convulsions (Zenker, Lfo, Hirsch). More frequently the lower limbs 
become gradually affected. At a later period their movements are exe- 
cuted with manifest difficulty, and are accompanied by hesitation and tre- 
mor. This latter symptom may be produced in voluntary movements, Jn 
communicated movements, and in consequence of excitement. 

This peculiar paralytic tremor is rarely absent, and appears to be due 
to the presence of patches of sclerosis in the motor ganglia, pons varolii, 
&ud neighboring parts. 

The paralysis of motion very often affects the muscles of the face and 
eyes, and especially those of the tongue, and results in slowness of speech, 
which is sometimes syllabic. Articulation of sounds may be completely 
abolished, and in tlie case which I reported above there was intermittent 
loss of speech. If the sclerosis affects the medullary nuclei of the nerves 
and the nerve roots to which they give origin, multiple paralysis of these 
nuclei (labiu-glosso-pharyngeal paralysis) may develop. This has been 
observed several times by Leube and Schuele (D. Arch. f. klin. Med., 8 Bd,, 
1870) and explained by Joffroy {Gaz. m6d. de Paris, 23 and 24, 1870) by 
the microscopical demonstration of lesions in the nuclei of origin of the 
hypoglossal and facial nerves. If the process involves the anterior horns 
of the spinal cord, muscular atrophy will also supervene. 

In the final course of the disease we observe, though with less con- 

»»tancy, symptoms of motor irritation, such as spasms of the muscles of 
tbe face, clonic convulsions of the ocular muscles (nystagmus), persistent 
contractures and a periodical stiffness of the limbs, which sometimes affects 
one half of the body and sometimes the upper or lower limbs to a more 
marked extent, with or without disturbances of the intelligence. 

Disorders of sensibility are not regarded as frequent symptoms of dif- 
fuse sclerosis of tbe nerve centres, but the absence of sensory disturbances 
is not, as authors still think, a characteristic sign. We can with difficulty 
comprehend how sensibility fhould remain intact in the presence of such 
frequent changes in the parenchyma of the cord. The sensory disturbances 
vary according to the extent and intensitv of the medullary sclerosis. If 

»the lesions of the posterior portions of the cord and the gray matter are 
slight, sensibility is only moderately affected. On the other hand, if the 
posterior columns are seriously involved as well as the adjacent parts (aa 
m the sclerose en plaques and ribbon-shaped sclerosis of Bourneville and 
Gu^rard), there is considerable diminution and even complete abolition of 
sensibility. 

The most complete loss of sensibility is met with in those forms in 
which the sclerosis and atrophy attack, by preference, the posterior col- 
umns and Gornua, in a transverse direction. In a patient observed by 
Hirach (Deutsche Klinik, 33-38, 1870), in whom there was insensibility 
of the lower limbs, the lesions were found to be present, to the greatest 
extent, in the posterior segments of the white substance of the cord. I 
may also here remark that, in the case which I have above reported, the 
anosslhesia extended along the distribution pointed out by Voigt upon 
the peripheral nerves. Several years ago I called attention to the exist- 
ence of this phenomenon in other diseases of the spinal cord. 
K Irritative sensory symptoms are usually present in the beginning, some- 

H times also in the latter part of the course of diffuse sclerosis of the nerve 
H ooatres, Tlieseeymptoaisconsistof peripheral neuralgic pains, Eormlcatioa, 
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and increaeed reflex excitability, the latter being' replaced by exaggerated 
contractions under the influence of mechanical or electrical stimulation. 
In my patient, faradization of the extremities ^ve rise, at first, to violent 
muscular contractions. When the intensity of the current was increased, 
tremor of the limbs was produced, which also extended in great part to 
the trunk on the opposite side. 

The electrical reactions are not sensibly changed when the spina! cord 
s not much involved, as in Baerwinkel's case (Arch, d, Hellk. 6, H,, ISG!)), 
n which the spinal cord only contained small patches in the form uf little 
islands. When the inflammatory process involves the parenchyma to a 
more serious extent, and is disseminated throughout different portions of 




the spinal cord, the electro- muscular contractility diminiahea (as my case 
serves to show), together with the galvanic excitability of the nerves, and 
both may grow weaker and weaker toward the end of the disease. 

The organs of special sense also take part in the disturbances of the 
nervous centres. Sight sometimes diminishes on account of the early 
atrophy of the optic nerves. Gray degeneration of the optic nerve, extend- 
ing as far as the chiaam.maygive rise to amblyopia and amaurosis of one or 
both eyes. Some patients, also, suffer from deafness in one oar, complete 
abolition of the sense of taste upon one-half of the toneue (Ilirach), per- 
version of taste and smell (Liouville and Melicher). These disturbances of 
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the org'ans of special sense are explained by the anatomical lesions found 
in the roots of tlie corresponding nerves. 

The psychiccd fitnctiona, in the majority of casea, present symptoms 
of esaltation in the beginning, followed later by signs of depression. Most 
of these patients suffer from weakness of memory and intelligence, a con- 
dition of childishness, irritability, and fits of unmeaning laughing and 
crying. In other cases the patient is in a condition of melancholia and 
excitement. At a more advanced stage, weakness of intellect and com- 
plete apathy may supervene. Speech is generally difficult and slow; pronun- 
ciation is oCten syllabic, and the voice becomes feeble and monotonous. 

In proportion as the disease progresses, all the symptoms become ag- 
gravated. It often progresses by fits and starts, and the patient sinks more 
and more into a condition of depression. The movements become much 
weaker and in co-ordinated, and sensibility and th(> special senses become 
mora and more blunted. The psychical disorders and embarrassment of 
speech increase; mastication and deglutition become difficult, and the 
■phi ncters cease to act. The general nutrition also suffers to a great extent. 

In the last stages of the disease, the paralysis, which is usually most 
intense in the lower limbs, gives place to contracture with loss of reflex 
excitability. Later, other paralyses occur in both the voluntary and in- 
voluntary muscles. Fever appears, either continuous or intermittent, and 
is due, in most cases, to intercurrent acute diseases. In other patients, on 
the other hand, we can discover no organic cause for the rise of tempera- 
ture. The difficulty of speech, dyspncea, increase of aphonia, and dys- 
phagia, slowness and weakness of the pulse and elevation of temperature, 
testify to the progressive invasion of the bulbar nuclei and vaso-motor 
centres by the sclerotic process. The patient dies in collapse, usually 
attended with loss of c 



Diagnosis and Prognosis, 

In the beginning of the disease, so long as there are merely isolated 
and temporary symptoms of cerebral or spinal irritation, the diagnosis 
of the sclerosis is impossible. It can only be made after long observa- 
tion and after the appearance of more characteristic morbid signs. The 
differential diagnosis must be especially made, on account of the similar- 
ity of symptoms, between sclerosis and paralysis agitans, cerebral soften- 
ing, cerebral tumors, and ataxia. 

Paralysis agitans is characterized by rhythmical tremor, which is prop- 
agated on one-half of the body from the upper to the lower limb, and is 
only increased by excitement or muscular effort. In walking, the patient 
inclines to the paralyzed side, and leans forward, and the muscular rigidity 
causes a peculiar deformity of the fingers and toes. There are no dis- 
orders of articulation, nystagmus, or increase of reflex excitability, or inco- 
ordination of movements. The existence of these symptoms prevent us 
from mistaking paralysis agitans for diffuse sclerosis of the nervous centres. 

Foci of cerebral softening are accompanied by an early and sudden 
abolition of the psychical functions, by loss of speech or aphasia, and uni- 
lateral paralysis and contractures. They occur generally in old age. In 
the intervals of repeated attacks of apoplexy, resulting from encephalitis, 
the patients recover very promptly, and are affected merely by partial 
weakness of the power of motion in one limb. The apoplectiform attacks 
are much more infrequent than in sclerosis (Leo, Hirsch) and give rise, in 
addition to hemiplegia, to antesthesia or paralysis of one or the other ex 
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tremittM on the opposite side. They also cause tfomor, loss oi speech, 
and frequent neuralgias of the lower limbs. Cerebral tumors are dia- 
tinguisfaed from sclerosis by periodical headaches, attacks of vertigo, irri- 
tative phenomena, convulaionB, the gradual development of hemiplegia 
and neuro-retinttis, and by the absence of tremor in the limbs and of espe- 
cial disorders of speech. In order to distinguish sclerosis from ataxia we 
must remember that cerebral symptoms are wanting in the latter affec- 
tion or appear at a late period, while, on the other hand, we frequently 
observe iatermittent paralyses of the ocular muscles with diplopia, Lan- 
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cinatin^ ps,ins are more frequent along the sciatic nerve or in the arms, 
with girdling pains, irritation of the genital organs, increased galvanic 
excitability of the nerves, and, at a later period, ataxic disorders of move- 
As regards prognosis, all impartial observers agree in the statement 
that a. fatal termination is the rule in diffuse sclerosis of the nervous cen- 
tres. Even when the patient presents, at times, the appearances of an 
arrest of the disease, which may create the hope of recovery, a relapse 
usually occurs and terminates in death. The fatal termination is moat 
frequently caused by iaterourrent affections such as pneumonia, pleurisy^ 
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tubercalosis, or lesions produced by bed-sores. Sclerosis may prove fatal 
within a period of two or three years. Its average duration is from six 
to ten ye&rs, and only a, few cases are prolonged beyoad this period. 



Treatment. 

If we are unabie to arrest the course of less severe inflammatory pro- 
cesses, limited to certain regions of the brain or skull, we are even more 
powerless when the inflammatory proliferations extend into the substance 
of the brain and cord under the form of multiple foci. The onset of the 
affection, at which period we might perhaps hope for beneficial results 
from treatment, eludes our notice. The more advanced forms, with mul- 
tiple lesions of the nervous centres, may be readily recognizable, but they 
remain unaffected by treatment. 

The chloride of iron, recommended by Vulpian, has met with as little 
success in the treatment of sclerosis as the phosphide of zinc vaunted by 
others. Nitrate of silver and strychnia have served, in a great many 
oases, to moderate the tremor and .weakness of the movements, but their 
action is not pennanent. Galvanization (central and peripheral) and 
hydrotherapeutics have diminished the severity of the symptoms in some 
favorable cases, but without producing a permanent arrest of the sclerotic 
changes occurring in the nerve centres. Faradization is even harmful in 
its enecta on account of its exciting action and the consequent increase 
of the tremor which it produces. We should abstain from its use in 
all weU-marked casea of soterosia. 
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CHAPTER XL 

OZRBBBiJ, TimOBS, 

I^aiholoffical Anatomy, 

Among cerebral tumora, we may first mention those whicTi are the ro- 

Bult of a hyperplasia of the connective tissue {neuroglia of Virchow) ex- 
lending throughout the nervous centres, and to which tumors Virchow has 
Applied the term glioma (Kranlth. Geschwaelste, Berlin, 18C3-C7). They are 
found isolated in the cerebral substance, and vary from half the size of a 
cherry-pit to that of a fist. They are often adherent to the meninges, and 
form masses which are similar in appearance to the cortical substance of 
the brain. They are sometimes white, and at times very vascular, and of 
a reddish-gray color, Gliomata of the brain, like those of the cord, develop 
very often tn the white substance; they appear most frequently in the 
cerebral hemispheres. 

Under the microscope we may, perhaps, find only a granular substance 
containing nuclei or cells of various sizes, from a rounded to a more or 
less oval shape, with finely granular contents, and one or two nuclei. Col- 
lections of fusiform and stellate cells, with one or two processes, may also 
occur in places. The fundamental tissue is formed of fine ramifying fib- 
rills. The intercellular substance is sometimes soft and nearly fluid, 
sometimes more compact and firm. 

In soft gliomata, the intercellular substance is less abundant and con- 
tains more or less fibrillary tissue, which in the myxo-gtiomata assumes a 
finely reticulated appearance. When the stellate cells form a large 
meshed network with increase of the myxomatous tissue, it leads to tna 
formation of myxomata or of the various mixed forms. The increase of 
the cellular products, and the narrowing of the meshes of the network, 
give rise to the development of gliosarcomata. 

In /ta»'c? gliomata, the fundamental structure is composed of very fine 
fibrillie, arranged parallel or interlacing, or it forms a compact tissue of 
bundles or lamelliu, containing in places nucleated cells (fibro -gliomata). 

The hieinorrhagic tendency of gliomata of the brain and cord is caused, 
as Virchow has shown, by their great vascularity. The blood coagulates 
and forms whitish-brown or red nuclei of a very firm consistence, looking 
like fibrinous concretions in the spleen, or like tubercles or giimmata. 

In general, gliomata develops slowly with inappreciable symptoms. If 
they eniargo more rapidly, or if they possess very great vascularity, con- 
gestions and even hiemorrhages may be produced. When the tumor at- 
tains a considerable size it may give rise to irritation, cerebral compres- 
sion or dropsy of the ventricles (vide die Krankh. Geschwuelsto, Virchow, 
II, Bd,, 1 H.), On the other hand, in gliomatous tumors containing yellow- 
reddish portions, we find a fibrous, resisting tissue, thickening of 
lica adventicia of the vessels, dense bands of interlaced connective 
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tissue, atrophy of the cells, a deposit of red dish -brown pigment, and signs 
of atrophy. In the vicinity of the tumor we may observe, according to E. 
Wagner, fatty granulations, crystals of cholesterine, nuclei of the neuroglia, 
and debris of axis cylinders, aa the remains of the necrosed nerve tissue, in 
addition to the redness and softening. In fatty degeneration, with re- 
moval of intercellular substance, cavities form in the same way as in cere- 
bral softening. But these cavities are distinguished from true cysts by the 
fact that their walls are covered with villosities, and are not sharply de- 
fined, and by the persistence of permeable vessels. 

•Sarcoma and its different varieties, recently investigated by Virchow 
(gliosarcoma, myxosarcoma, etc.), are usually situated in the cerebral 
hemispheres, anterior lobes, optio thalamus, processus cerebelli ad pon- 
tem (according to Virchow and Friedreich), and in the cerebral peduncles. 
The consistence may be either firm or soft, the interior is more compact, 
the periphery often rugous, and the surface nodular. They frequently ad- 
here to the meninges, and expose the brain to the dangers of compression, 
softening, or inflammation, which develop in their neighborhood. 

The cholesteatoma (pearly tumor of Virchow) arioes usually from the 
arachnoid (Rokiiansky), and more often from the pia mater than from the 
dura mater or interiorof the cerebral structures. It must not be confounded 
with the masses of cholesterine which are often found in the choroid plex- 
usea. The pearly tumors form crystalline masses which, in the isolated 
state, are aa large as a grain of mustard, and by their aggregation attain 
the size of a goose-egg. They are enclosed in a thin membrane of an in- 
distinct fibrous structure. They present an irregular shape, and their wavy 
surface possesaea a beautiful mother-of-pearl lustre. These tumors, de- 
prived of vessels, exhibit, on section, concentric layers of epidermic cells, 
partly in a condition of vitreous and partly of fatty degeneration. 

They develop slowly, and very often remain latent. Only after a long 
period do they provoke inflammatory reaction ia the neighboring tissues. 
In a case of pearly tumor of the mastoid process, Virohow saw an abscess 
develop in the adjacent portion of the brain. In another case, in which 
caries of the mastoid process and otorrhcea had existed during life, throm- 
boses occurred in the transverse sinus, extending even into the jugular voin, 

Tuberclea of the brain vary in size from a pea to a goose-egg, and are 
found most frequently in the cerebral hemispheres and cerebellum, less 
often in the corpus striatum, optic thalamus, peduncles, pons varolii, and 
ventricular ependyma (Foerster), and very rarely in the fornix and medulla 
oblongata. In children, they are most frequently observed in the first of 
the above-mentioned situations. With the exception of the discrete forms 
of tubercle in the pia mater a'jd cortex, tubercle usually consists of an ag- 
glomeration of several nodosiLies, which, under the microscope, are fotmd 
to contain rounded cellular elements, partially atrophic, and in a condition 
of fatty degeneration, and enclosed in a delicate network, with nuclear 
proliferation of the walls of the vessels (Wedl). 

Cancer of the brain ia a very frequent form of intra-cranial tumors. It 
is usually primary, and generally remains isolated for a long time. Of 48 
oases collected by Lebert, 45 were primary, and 13 of these were compli- 
cated with carcinosis of other organs. 

In the cerebral tissue primary cancer is almost always isolated. When 
several tumors are present, the interesting fact has been noted that they 
develop symmetrically in homonymous parts of the brain (Rokitansky). 
In those forms which affect the brain secondarily, we usually find several 
tumors of small size. The largest oaroinomata are those which pau 



throiis;Ii the skull, the varieties of scirrhus which start around the orbita^ 
and those tumors which occupy tlie centre of a cerebral hemisphere. Those 
situated in the pons, base of the bruin, and medulla obloiigatB, iLre the 
smallest in size ; oanoer Is very rarely found in the latter situation, in the 
corpus oallosuni and in the tubercula quadrigemina. It is much more 
common in the optic thalamus, corpus striatum, and in the cerebellum. 

The primary forms may attain the size of a fist. Their growth is much 
more rapid, according as their tissue is rich in oells and blood-vessels. The 
ordinary form of cerebral cancer is the medullary variety, while fibro-car- 
oinoma is more infrequent. Melanotic cancer is generally secondary, and 
may, according to Rokitansky, cause death by the rapid and multiple 
development of cancerous products in the brain. Cerebral cancer exer- 
cises an injurious influence upon surrounding parts by its pressure effects, 
causing atrophy of the parenchyma, secondary anremia or hyperiemio eta- 
fles, hemorrhages, inflammation, (edema, softening, and even abscess. 
Many carcinomata, especially those which are connected with the bones, 
present ossification of their stroma. The medullary varieties may undergo 
a tubercular degeneration, an occurrence which has given rise to confusion 
between cancer and tubercle of the brain. According to Rokitansky, a 
partial transformation of soft cancer may present a somewhat similar ap- 
pearance to foci of encephalitis, 

SyphUomata of the brain are rare. They usually originate In the 
thickened and degenerated meninges, and form nodosities varying from 
the size of a pea to a hazel-nut, yellow, lardaceoua, hard, and distinctly 
separated from the adjacent tissues. 

We usually find other manifestations of the syphilitic diathesis upon 
autopsy, but wo shall discuss this subject at more length in the chapter on 
cerebral syphilis. 

Osseous intra-cranial tumors are rarely met with, if we exclude the 
partial ossification of cancerous products and enchondromata. Sypkilitie 
exostoses are more frequent, usually starting from the external surface of 
the cranial vault, but also situated at times upon the internal surface, and 
giving rise, by their development, to the symptoms of cerebral compres- 
sion which appertain to other tumors occupying a similar situation. We 
have also observed osteoid growths {after injuries or spontaneous inBam- 
matory processes of the cranial bones or cerebral substance) under the form 
of large tumors, denticulated, looking like apophyses, globular, sometimes 
compact, sometimes porous. In very rare instances we find ostcomata of 
the cerebellum, composed of real osseous tissue with medullary cavities, 
such as Virchow has described as following circumscribed encephalitis in 
young subjects. We may also mention, in this category, calcareous de- 
generation of tubercles and of the envelopes of cysticerci. 

Cystic productions, myxomatous twnors situated in the sella turcica, 
and the psammomata of Virchow {which are formed by a white mass of crys- 
talline granulations), are of small size, rarely observed, and usually do not 
give rise during life to any especial symptoms. 
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General Symptomatology. 

The first stages in the development of cerebral tumors, usually remain 

obscure. Only a small number of tumors of the brain are entirely free 

from symptomatic manifestations during life. It has been shown that, in 

s, tile new-growth occupies a very small space, and develops 
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slowly, compressing the parencliyma little by little, but without affecting 
it seriously, and without producing any manifest interruption in tlie con- 
ducting fibres. A tumor which is soft or deficient in blood-vessels is 
not subject to any considerable change of volume. Finally, the seat of 
tlie tumor is especially important, since even large tumors, imbedded in 
the hemispheres, often provoke no symptoms, whde other growths, which 
are much smaller, may give rise to considerable functional disturbance 
in the cerebral activity, to irritative lesions in the neighboring parts (even 
to forms of descending neuritis), or may give rise to nutritive disturb- 
ancea in remote portions of the brain in consequence of the comprcB- 
sion of the vessels which cross the tumor. Large tumors may, even for a 
long time, escape careful observation. The disease passes unnoticed by 
the patient (who is often in the best years of life), and even by the physi- 
cian, tinti] suddenly some serious symptom gives the alarm. The fatal 
frowth continues its ravages within the brain until the danger is revealed 
y symptoms of evident gravity. 

The series of events which Wunderlich describes as general and initial 
symptoms, usually begins with headache (which the patients refer to the 
frontal or temporal region, and sometimes to the occipital region, without 
any constant relation being found between the pain and the site of the 
tumor). Ladame (Symptom, und Diagn. d. Himgeschwueiste, 1865) has 
found headache present in two-thirds of the cases. The pain is, at first, 
intermittent, and, later, it appears in paroxysms. It then becomes remit- 
tent, hat sometimes continuous, and is rebellious to treatment. It is 
'caused by local congestions, and by the compression exercised upon cer- 
tain parts of the brain or upon the acutely sensitive pia mater. In most 
cases, vertigo also appears in connection with the neuralgic h^adaclie. 
According to the most recent experiments of Goltz, Breuer, etc., this is 
due to an affection of the semicircular canals which represent the termi- 
nal apparatus of the sensation of equilibrium, and to a sensorial perception 
caused by a deviation of the lymph-current in these canals. The more this 
organ, situated within the temporal bone, is irritated, as by pressure from 
a neighboring tumor, the more intense does the vertigo become. This 
also occurs in consequence of lesion of the fibres of the posterior columns 
in the cerebellum. 

Paroxysmal headache and vertigo may, for several months, be the only 
symptoms which distress the patient, wno in other respects may enjoy 
good health. As a natural consequence, the situation, in the majority of 
cases, does not inspire the attending physician with any serious appre- 
hensions. In general, these symptoms are very soon followed by disturb- 
ances of sensation and motion, which may be regarded in the beginning 
as signs of irritation, and later as evidences of depression. We not infre- 
quently observe, aide by side with paralysis of one region, symptoms of 
irritation in adjacent regions. This alternation is due to collateral hyper- 
lemia or cedema, while, in other parts, conduction has been already de- 
stroyed. 

The symptoms of sensory irritation often appear as precursors of dis- 
orders of motion. They consist of painful twinges, formication, anJ 
numbness in the extremities (often accompanied by reflex cramps), and, 
in certain cerebral tumors, trigeminal neuralgia occurs. An increase of 
sensibility and reflex action is often observed upon one side. This height- 
ened sensibility usually lasts for a short time, and gives place to a more 
permanent an.-esthesia. Painful anjcstbcsia of the paralyzed limbs is an 
exceptional occurrence. Ladame observed cutaneous anaesthesia in ono- 
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seventh of &II his obaervations. The frequency of sensory disorders de- 
pends upon lesions of the paths of transmission at different points below 
their central termination. Alternate hemian^estiiesia sometimes occurs. 

Tlie initial motor disturbances consist of a sensation of stiilneaa, a re- 
laxed condition of one limb, and spasms in various parts of the body. 
These spasms vary in intensity, from slight contractions of the facial 
muscles, to tonic, clonic, or choreiform muscular spasms (with disorders of 
co-ordination, Duchek), or tremor of a limb, or of one-half of the body. 
Contracture sometimes occurs in the muscles of the neck, jaws, or extremi- 
ties. In some cases the paralyzed parts are affected by the convulsions. 
The convulsive paroxysms often assume the appearance of an epilepti- 
form attack. In a case under my observation (chronic cephalalgia with 
total amaurosis and left facial paralysis), loss of consciousness occurred 
from time to time, lasting from ten to fifteen minutes, with convulsive 
movements in the upper limbs and extension of the tower limbs. In 
addition, the face .was colorless, the patient lay upon the side correspond- 
ing to the tumor, and the pulse was slowed to 44 or 40 pulsations per 
minute. Attacks of this nature may be due to hypenemic enlargement 
of the tumor and rapid increase of the compression, causing reflex spasm 
of the cerebral vessels, and consequently aniemia of the brain. 

After a longer or shorter duration of the symptoms of motor irritation 
which we have enumerated, an abolition of motor power becomes ^adu- 
ally established under the form of paresis or hemiparesis, of pa^ial paral- 
ysis, of hemiplegia or paraplegia. The paralysis usually progresses from 
above downwards, the opposite course being much more infrequent. The 
most common form of paralysis is hemiplegia (Ladama has found it in 
one-thiad of his cases). It appears in the domain of the cerebral as well 
as in those of the spinal nerves, and usually upon the same side, the cere- 
bral lesion being situated upon the side opposite to the paralysis. The 
lesion is very rarely situated upon the same side as the hemiplegia. 
Crossed hemiplegia consists in paralysis of the limbs upon one side and 
paralysis of the cranial nerves upon the opposite side (alternate hemiplegia 
of Gubler). These alternate paralyses have an especial importance in the 
diagnosis of certain cerebral tumors. 

Certain complexes of symptoms of cerebral growths, such as paralysis 
of the limbs and cranial nerves upon the same side, wilt be investigated 
in the discussion of tumors of the pons varolii. 

As a consequence of the irritation of the hemispheres or of other 
portions of the brain in tumors, we may observe, according to Benedikt, 
an "e^ihaustion reaction" iu the paralyzed muscles, i. e. a rapid diminu- 
tion of reaction to faradic excitations of short duration. At other times, 
the reaction assumes a convulsive character, as is shown by sudden and ab- 
normal increase of electro-muscular contractility. In the same manner 
we may find, according to Brenner, an increase or diminution of the sec- 
ondary galvanic excitability. After prolonged compression of the roots 
of the peripheral nerves, by tumors of the pons or base, a gradual abolition 
of the nervo-muscular faradic contractility, with increase of the galvanic 
idio-muscular contractility, occurs, as I have shown, especially upon the 
paralyzed half of the face, while the electrical contractility of the muscles, 
in those paralyses which take their origin in the hemispheres or in the 
ganglia, is left intact or sometimes slightly increased. Among the disor- 
ders of special sense we may mention the disturbances of vision as the 
most important, both on account of their frequency and intensity. Am- 
blyopia is present, according to Calmeil, in about two-fifths of tae oases, 
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and amaurosis, according to Ladame, in one-fifth of the cases of cerebral 
tumor. We may recognize with the ophthalmoscope, intra-ocular swelling 
of the optic nerve, optic neuritis and atrophy. Inllammation of the optio 
nerve may present itself as papillary stasis and descending neuritis. In 
the first variety we may recognize the real seat of the inflammation by 
the cloudy appearance, considerable swelling of the papilla, and the unu- 
sual enlargement of its contours. In advanced forms we find, according to 
Leber, upon transverse section of the optio nerve, thickening and cedema 
of llie internal sheath and of the laminated tissue between the external 
and internal sheaths, with hyperplasia of this tissue. The nerve fibres at 
the papilla are increased, according to Schweigger, to four or six times 
their normal diameter. In descending neuritis, the inflammation affects the 
papilla, which is slightly swollen, less than the adjacent portions of the 
retina. When the neuntis has continued for a time it is usually followed 
by consecutive atrophy of the optic nerve; the papilla is then depressed 
and of a dull whitn color. ' According to the microscopical investigations 
of Schweigger, Saemiach, etc., we find, in addition to proliferation of the 
connective tissue of the papilla, atrophy of the nerve fibres and ganglion 
cells of the retina, with fatty degeneration and thickening of the external 
coats of the vessels. Sometimes simple atrophy of the optio nerve occurs (the 
papilla of a shining white color) without any evidences of inflammation. 

The retinal changes consecutive to these neuritic processes may some- 
times develop without appreciable subjective disturbances of vision ; much 
more infrequently we find diminution of sight (amblyopia) with few oph- 
thalmoscopic evidences. In the majority of cases, when symptoms of 
. tumor exist, we may obtain important diagnostic signs by ophthalmosco- 
pic examination. At a more advanced stage, the amblyopia usually 
changes to complete blindness of both eyes. In a case which I deserved 
in a physician, progressive narrowing of the field of vision occurred from 
the periphery towards the papilla, due to a fatty degeneration which 
gradually advanced from the two sides to the centre of the optic nerve. 
An analogous process is found in atrophy of the facial nerve, in conse- 
quence of compression from tumors or from caries of the mastoid process. 
The development of optio neuritis and of secondary atrophy of the op- 
tic nerve, is due to different causes. The central fibres of the optic nerve may 
be the starting-point of the neuritis and descending atrophy, in conse- 
quence of tumors compressing the corpora gcniculata, tubercula quadri- 
gemina, cerebral peduncles, pons varolii or cerebellum. New growths or 
inllammatory processes situated at the base of the brain may, in addition 
to other symptoms, produce optic neuritis. Finally, according to Graefe, 
lesions of the optic nerve (especially papillary stasis) may be attributed to 
compression of the cavernous sinus, and to an obstruction to the return of 
blood occasioned by the inextensible ring of the sclerotic. But Seseman 
has since proven (Arch. f. Ophth., XII. ifd.) that compression of the caver- 
nous sinus is not followed by any considerable venous stasis in the retina, 
eo long as the anastomoses with the facial vein remain permeable. 
Another explanation must therefore be sought for the neuritic symptoms 
L in question. We must hero take into consideration the researches of II. 
H Schmidt (Arch. f. Anat. u. Phys., 18G9), who has demonstrated, by means 
^P of injections, the existence of a communication between the cavity of the 
^B arachnoid and the lamina cribrosa; the latter becomes cedematous when 
^H fluid is forced from the arachnoid by increase of the cerebral pressure, and 
^B gives rise to stases and inllammatioii by strangulation of the terminal in- 
^H tra-ocular portion of the optio nerve. 

I ! 
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Auditory disturbances are a frequent symptom of cerebral tuDijr& 
Calmeil haa found tliem in one-ninth of his cases. Often tliere is merely 
enfeebled hearing or buzzing in the ears; in seventeen cases complete deaf- 
ness was observed, which, in one case, was only temporary. Since a com- 
niuiiication exists, according to E. Weber's experiments (Monatb. (. 
Ohrenh., 1860), between the arachnoid cavity and the labyrinth through 
the aquseductus cochleie, wo can readily understand why an excess of cere- 
bral pressure should react upon the auditory apparatus, in the manner al- 
ready pointed out for the eye, according to Schmidt's experiments. In ad- 
dition, the auditory disturbances may be due to compression of the trunk of 
the acoustic nerve, and of the fibres which pass underneath the flocculus, 
median cerebellar peduncle, and pons varolii. In a case of fibro-samoma, re- 
cently described by Boettcher of Dorpat (Arch, f. Augen- und Ohrenh., II. 
Bd., 1872), the tumor was situated on the left side near the pons varolii, 
and extended to the porus acusticus; in addition to atrophy of the chiasm 
and retinal lesions, Boettcher found atrophy of the lamina spiralis of the 
cochlea; in the axis of the cochlea were bands of connective tissue rich in 
nuclei, but without any traces of nerve fibres; the membrane of Corti was 
markedly striated, and the internal and external auditory cells were re- 
placed by small round chambers. 

Smell is much more rarely involved in cerebral tumors. But the sta- 
tistics upon this point, found in medical literature, are evidently very de- 
ficient, because the patient is often in such a condition of prostration that 
the loss of smell does not inconvenience him, and also because, in the ma- 
jority of cases, the physician fails to pay any attention to the condition of 
this function. 

I liave f oQQd sraell notabl; distnTbed in two caaes of tumor at the base of the brain ; 
one of them waa situated upon the left anterior half of the poua, and the other npon 
the left eetebellar pedaucle. In one of theAe crmca the patient distinguished odors 
through the left nostril with much mare difficult; and macb more confusedly than 
iLrough the right. In the other ease tbere traa complete anosmia of the left noetiii. 
Upon hermetically closing the right noetiil, the patient catild not distinguish, upon the 
left side, either alcohol, ether, creosote, sulphuretted hydrogen (the mouth bein^ 
olOBed), aaaftBtida, etc. When a bottle of ammonia waa placed under the left nostril, 
the patient stated that he experienced a burning sensation, which was erident)}' due to 
the effect produced upon the filaments of the trigeminal nerve on the internal surface 
of the nares. Upon the right eide, smell was not very delicate, hnt the patient oonld, 
nevertheless, recognise auffloiently well the majority of the aubstanoes which we have 

Since the olfactory nerve, according to our present knowledge, is the 
only cranial nerve which does not leave the cerebral hemispheres, it remains 
subject to their influence, and especially to that of the anterior lobes 
(according to Meynert, however, it is under the dominion of the temporal 
lobes). Serious lesions of these lobes, especially at the base, where the 
olfactory bulb is situated upon the anterior cribriform lamina, will give 
rise to more or less profound disturbances of smell. 

We have, also, only an incomplete knowledge concerning the sense of 
taste in cerebral new-formations; careful attention, however, in this di- 
rection would furnish important data in the physiology of the gustatory 
functions. In the two patients above referred to, the sense of taste was 
also involved. 



The first patient (who had incomplete Iobk of the sense of smell upon the ri^ht side) 

: not perceive the taste of a concentrated saline solution placed in contact with the 

left half of the tongue. In the second patient (who had complete anoamla oj Um 
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left tide), oiplorationa made witli the necessary precautdooE apoii the tip, sidea, and base 
of the tongue, and upon the roof of the palate inioistening them with solutions of oaida, 
ohlarofaim and sulphate of qiiinia), shaw^d normal perception of taat« in none of tbesa 
parte. After moistening, fora long- time, the region of the cup-shaped papilliQ, or when 
the posterior part of the tougue wan applied against the palate, the patient aevaral times 
stated after the appHoation of quinine or oinnamou, that he perceived a bitter ot acrid 

This observation ie interestinff from a physiological point of view, be 
cause it demonstrates that especially the base of the tongue, tlie corre- 
sponding portion of the roof of the palate, and the isthmus of the fauces, 
sre concerned in the perception of the most delicate gustatory sensations 
(especially those of bitterness and acridity); this is perhaps due to the 
more delicate structure, and to the greater number of nerve fibres furnish- 
ed by the glosso-pharyngoal nerves to the cup-shaped papillie (Koelliker). 
In Boettcher's above-mentioned case, the patient also complained of a 
scalding sensation in the mouth, and of a bitter taste. At the autopsy 
the glosso-pharyngeal and pneumogastric nerves were found to be com- 
pressed by the tumor, and in a, condition of fatty degeneration. 

More or less severe disturbance of the organic functions is also observ- 
ed in these patients. Violent cephalalgia may disturb the sleep of the 
patient at night, and the prolonged insomnia thus developed may have a 
very injurious effect upon the general condition. Vomiting may ooour at 
the close of violent paroxysms of headache, or even without any increase 
of the pain (either with or without regularity), and its frequent repeti- 
tion compromises nutrition. We also observe signs of irritation on the 
part of the vagus nerves, such as irregularity of the heart and slowness 
of the pulse, and these are sometimes evident in the course of convul- 
sive attacks; we have already cited a case of this character. The respi- 
ratory rhythm is sometimes changed; it may be accelerated in cerebral irri- 
tation and slowed in cerebral compression. In Vierordt's and Hegelmat- 
er's experiments upon rabbits, in which the respiratory movements of the 
upper part o£ the abdomen were registered upon the drum of the kymo- 
graph, moderate artificial compression of the brain was found to diminish 
the number of respirations to one-hatf the normal amount, while, on the 
other hand, increased compression accelerated St. In the first case, the 
inspirations became more infrequent and the expirations longer. Poly- 
phagia only exists in some patients ; in general it is without any favorable 
influence upon the lowering of the nutrition. In a case which I reported 
Borae time ago, the polyphagia was accompanied by polyuria and glyoo- 
suria. 

The disorders of nutrition do not run a parallel course with the sever- 
ity of the cerebral symptoms. In general, the symptoms of decline ap- 
pear more promptly when the tumors are of a cachectic origin. In soma 
cases, however, cancer may have been present for a long time, although 
the patient has preserved an appearance of good health and patients suifer- 
ing from sarcomata may even present a certain amount of obesity. Ob- 
stinate constipation exists in the majority of cases. In two instances 
, which I recently had under observation, coitus could only be accomplished 
with difficulty, and was followed by general prostration for a considerable 
period. Wunderlich has observed impotenci in cerebellar tumors, and 
Friedreich has seen one example of priapism. Psychical disorders are 
not rare in cerebral tumors. Authors differ very much in their estimates 
of the frequency of these disturbances. Friedreich gives the proportion 
IS 43 per cent; Calmeil has found them in half, and Lebert and Ladama 
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in one-third of the cases; Andral and Durand-Fardel have noticed them 
much more rarely. These symptoms also belong to two categories, viz., 
those of irritation and those of depression. The first consist of irritabil- 
ity, agitation, absence of mind, hall uci nations, melancholia; in severe 
forma, even attacks of mania may occur. The symptoms of depression 
consist of somnolence, apathy, idiocy, embarrassment of speech, and im- 
becility. 

The psychical disturbances usually appear at an advanced stage of 
the cerebral affection, and not unfrequently decided remissions occur. 
These disorders are explained by the atrophy and discoloration of certain 
parts of the cerebral cortex from the pressure exercised by the tumor. 
They may also be attributed, on the other hand, to interruptions occurring 
between those fibres of the corona radiata which take their origin in the 
ganglia and the corresponding cellular portions of the cortex. 

Speech is more or leas seriously involved in cerebral new-growtha. 
Sometimes it is markedly embarrassed, confused and unintelligible; some- 
times the articulation of sounds is obstructed by sputtering; in some 
oases, partial loss of speech exists with preservation of intelligence 
(aphasia); more rarely, intermittent ioss of speech occurs, as we have 
already stated. The disorders of speech, resulting from disease of the 
brain, have nothing in common with stuttering properly so-called; for 
here, even in the most marked and rebellious forms, the tongue has pre- 
served entire freedom of motion. Ladame has cited forty-live oases of 
disturbances of speech in which the tumor occupied the most varied 
regions of the brain. It has been determined, from a very large number 
of observations, that tumors of the ganglia and pons varolii are most fre- 
quently accompanied by disorders of speech, while, according to Ladame, 
the tumors of the convexity, pituitary region, and cerebellum, exhibit the 
smallest proportion. 

Frc^ what has been already stated, we must consider the disturbances 
of speech as due to paralysis of the tongue (alalie) or, according to 
Leyden, to lesions of the olivary bodies and pons (anarthrie). Aphasio 
disorders of speech are only observed when the tumors occupy the island 
of Reil, or the parts which unite this with the frontal lobe and with the 
central and parietal convolutions. We shall mention cases of this kind 
under the tumors of the anterior lobes of the brain. 

According to the situation and growth of the tumor, the symptoms 
which we have already mentioned are followed, after a longer or shorter 
period, by the "final" symptoms ( Wunderlich), with loss of voluntary 
motion, of automatic excitation, and of the psychical functions; the 
patient then becomes comatose and soon dies. 

Differential DiagnosU. 

The formation of tumors within the brain may sometimes be mistaken 
for other cerebral diseases with similar symptoms. In the majority of 
cases, by taking into consideration the etiological conditions and the 
chief pathognomonic signs, we will not remain long in doubt concerning 
the diagnosis. 

Cerebral tuberculoaia (especially in the chronic forms) is differentiated 
from tumors by its more frequent appearance in young subjects, especially 
in children. The latter, apart from chronic hydrocephalus ard, still more 
rarely, from cerebral hypertrophy, are not very liable to other chronio 
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1 serobr&l diseaBcB. We should also lay great stress upon tlie coexistence 
of tuberculous affections of tlie cranial bones, and of thp. mastoitl process 
(with symptoms of carina, fistul.ie, ulceration and otorrho^a), upon the 
evident influence of heredity, and upon the rapidity of its course (which 
generally occupies from three to nine months, and, in very rare cases, sev- 
eral years). Primary tuberculous products, limited in rare cases to certain 
portions of the brain (pons, cerebellum), manifest themselves during life 
by tumor symptoms. 

Chronic hydrocephahis may result from disturbances of circulation 
arising from the presence of a tumor, and when its symptoms are not 
prominent, it may be difhcult to distinguish them from the symptoms 
proper of the neoplasm. Chronio hydrocephalus, in children, often accom- 

Eanics cerebral tuberculosis; in adults, the coexistence of diseases of the 
eart, kidneys, or spleen is in favor of hydrocephalus; in the latter, imbe- 
cility is more frequent and marked than in tumors, which are more often 
characterized by the chronic disturbances of sensibility and motion which 

twe have already mentioned. 
Cerebral apoplexy occurs in the course of diseases of the heart and ves- 
sels, or in disorders of the pulmonary circulation, and usually at an 
advanced age; it is also distinguished from tumors by its sudden develop- 
ment, or by the existence of very slight prodromata; the patient recovers 
quickly in favorable cases, though paralysis of one-half of the body per- 
sists. In tumors, the cerebral symptoms are generally of older date. The 
cephalalgia, vertigo, neuralgia, and spasms grow gradually worse; and 
these events precede the apoplectiform attacks (which are rare), or they 
even persist, after the occurrence of the latter, as symptoms of excita- 
tion or depression. Optic neuritis, which is tisuatly double, belongs to 
cerebral tumors (not, however, unilateral embolic amaurosis, which is 

Chronic cerebral sojtening, occurring in the course of a latent enceph- 
alitis, differs in many respects from cerebral new-growths, as has been 
especially pointed out by l)u rand-Fardel in his " Treatise on the Diseases 
of Old Age." We shall merely allude to the principal differential points. 
The paroxysms of cephalalgia are less frequent and violent in chronic cere- 
bral softening than in tumors; the disorders of the special senses (ambly- 
opia, amaurosis, anaesthesia in the territories of the cranial nerves) are 
observed much more frequently in tumors than in encephalo-malacia; iu 
softening, on the other hand, we more often notice weakness of the psy- 
chical faculties, the appearance of contractures, sudden and complete hemi- 
plegias and disturbances of speech under the form of aphasia (most fre- 
quently of embolic origin). Alternate and double paralyses also occur, 
according to Uasse, by preference in tumors, and very rarely in softening. 
We have already spoken in detail of the distinction between tumors and 
abscess of the brain. 

Cerebral atrophy (in its acquired form) is almost always distinguished 
with readiness from tumors. It is manifested by premature decay of the 
intellectual faculties, with a progressive transition to imbecility, and tremor 
of the lips, tongue, and limbs, constituting the prodromal signs of paralysis, 
when the atrophy extends towards the spinal cord. The data necessary 
for a diagnosis will be found in the ensemble of the followi. g symptoms: 

I the paroxysms of cephalalgia, the affections of the special senses, absence 
of convulsive but not of epileptiform attacks (Erienmeyer), the relatively 
■hort duration of the disease (1-3 years); hemiplegia or paraplegiii 18 
luually supe-added to the deterioration of the intellectual faculties; the 
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nutrition of the muscles soon changes. When the cerebral atronfaj is oim 
of the sequences of a new-growth, the symptoms characteristic of tbs 
latter remain mora prominent. 

The cerebral hypertrophy of children presents some analoffies to cere- 
bral tumors by its long duration and the existence of cephalalgia, and of 
epileptiform attacks. Nevertheless, the rarity of this affection, the en- 
lai^ement and strong pulsation of the large fontanellea (Mayr), the pro- 
gressive dilatation of the skull, the presence of a bruit de souffle, inanifeat 
evidences of rachitis upon the bones, the softness of the bones of the skull 
and legs (Betz), the laryngeal spasms, and tlie condition of asphyxia which 
usually accompanies them — ail these phenomena render it easy to differen- 
tiate, in children, the disease in question from a cerebral tumor or chronia 
hydrocephalus. 

Cysticerci of the brain and their distinctive characteristics will be dis- 
cussed in detail in the chapter on cerebral paraaites. We have already 
mentioned the most important points with regard to the symptoms of anea- 
rism of the arteries at the base, and of tumors of the base of the skull 
(which are, in general, very difficult to distinguish) in the considerations 
upon meningeal apoplexy. 

Syphilis of the brain usually has many cerebral symptoms in common 
with tumore. Certainty of diagnosis is o£ especial importance in this af- 
fection, on account of its relations to prognosis and treatment. The pre- 
vious history, the presence of evident manifestations of the diathesis, the 
peculiar pains in the bones and nerves, the epileptiform attacks superven- 
ing at a mature age after previous irritative symptoms, their disappearance 
under specific treatment, 4II these phenomena, joined to prolonged and 
careful observation, render the diagnosis positive. We shall again refer 
to this subject more in detail in the chapter on cerebral syphilis. 

The differential diagnosis between the initial symptoms of ataxia and 
certain cerebral tumors (of the peduncle or oerebellum) will be fullj 
discussed at the proper time. 

Diagnosia of the position, of Tumors. 

We shall now begin a detailed study of cerebral tumors with regard to 
their situation, and, with this end in view, shall collect the results of the 
latest works upon the subject, as well as of our personal observations (the 
number of which reaches fifteen). The olassification which we have 
adopted is as follows: 

T, TUMOES OF THE CONVEXITY OF THE BbAUT, 

11, " " Antekiok Lobes, 

III. " " Middle Lohes. 

IV. " " Posteriok Louks. 

V. " " Motor Ganglia of the Beain. 

VI. " " Optic Thalamus and Tpbeecula Quadbi- 

GEMINA. 

VII. " " Middle Ckeekeal Fossa and Region of thb 

Gahserian Ganglion. 

VIII. " " PiTuiTAEY Reoion. 

IX. " " Cerebral Pedukcles. 

X. " " Pons Varolii. 

XI. " " Ceberellar Peditncles. 

XII. * " Ceeeuklluu. 
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L TCMOBS OF THE CONTKXXTT OF THB BbAIN. 

The severity of the symptoms depends upon the depth to which the 
tumors penetrate, and upon the degree of irritation to which certain deeper 
portions of the brain are directly or' indirectly exposed. In animals we 
may remove a large part of the cerebral and cerebellar hemispheres witli- 
out the slightest sign of irritation becoming manifest. Frogs, birds, and 
even rabbits tolerate removal of the cerebral lobes without presenting any 
syniptams of paralysis, but when the dog is subjected to this experiment, 
lie immediately becomes paralyzed. In individuals who have been tre- 
phined, we may raise portions of the hemispheres with the curette without 
their knowledge. Abscesses and tumors, especially those of soft consist- 
ence, may exist in the brain without causing serious disturbance. In a 
case which I observed in a tuberculous subject at the Vienna General 
E*pital, a tuberculous deposit as large as a hazel-nut was found upon 
the convexity of the brain on the right side, without any especial symp- 
toms being evident during life. 

According to the recent investigations of Charcot and Pitres, tumors 
&nd lesions limited to the anterior portions of the convexity of the cortex 
and those in the sphenoidal and occipital lobes, etc., do not give rise to 
persistent paralysis. 

DertnictivB lesions wUoh are parallel to the priodpal directions of the flbrea in the 
oerebrol hemispheres ore generally (as also in the spina] aard) less serious, according 
to Yalvntin, than leaious which ore perpendicular to tho course of the fibres. If, never- 
theless, the primary activitj, as for as this is possible, beoomes re- established after 
a short inteival, ttus can only take plaoe by oollateral paths, since regeueration of cub 
fibres has not been observei} ia aairaals. When, after eicisioa of consirJerable portions 
of the two cerebral heraiapbct'es, Che itnimats react to stimulation of the skin by cries 
or attempts to escape, or when birds touch nccurntely wit.h the beak those points at 
whioh they feel the pieaenoe of a parasite, these movements are not performed under 
the inflnanos of the brain, but are presided over by Che ganglionic masses and their on- 
astomoaiog' Gbres in tho medulla oblongata and spinal cord. Such mntromecta of reac- 
tion only disappear when the meduUu oblongata is reraoved. According to Flourena 
(necherches eiperimeutules sur lea propriiitiis et tes fonctioos du syat^tne aervens dans 
lea aniinaux verC^bres, Paris, 1834, p. lOJ) tlie Buoceasive excision of Che cerebral hemi- 
spherea by deeper and deeper layers, causea abolition of the different sensotions of tho 
•nimal; still later, the destruction of the brain is followed by deafness. The aensa- 
tioDs reappear at the end of some tjioe, and are suddeoly monifesCed under the most 
varied inHuences. 

Cephalalgia is one of the most frequent symptoms of tumors of the 
brain. It is situated sometimes in the frontal region, sometimes in the 
occipital region, or upon the side of the head, and in the latter event the 
tumor ia often upon the same side. Sensory disturbances are very infre- 
quent. In Finger's case (Prag. Vierteljschr., 57. Bd., 1860) tho headache was 
Accompanied by painful sensations and formication in the right arm; these 
Bvinptoms disappeared after a time, and were replaced b^ ansBsthesia of 
the limb. At the autopsy, a tuberculous tumor of the sue of a walnut 
was found upon the convexity of the left cerebral hemisphere; the patho- 
logical changes extended to the deeper portions of the brain, lesions of 
which are accompanied by anfesthesia of tho limbs. The motor disturb- 
ances are much more frequent and characteristic, and are usually mani- 
fested as symptoms of irritation. Lebert has found them present eleven 
times in tnirteon cases, and Ladame, in his collection, has noted them 
twelve times in seventeen oasea. These symptoms consist o£ epileptiform 
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attacks, convulsions of one-half tho body, or only of one limb. Paralyse* 
of a. hemiplegic type are very ritre, and are due to softening which has ex- 
tended duwnwards across tho motor tracts. 

A patient, aged 36 rears, aaSerint; from Pott's dUease, wew affected from time to 
time, during tbe poHt^ear, with Bpaama in the limbs npon tbe rigbt Hide. CoiiMrioii» 
ness woa not iovntveJ, but, undor tbe influence ot very strong and general coiiTali>ioii% 
the patient lost the power of npeeoh. Later, the attMilu occurred at iutervAls of ■ 
few dajB. but were markedl]' moderated and retarded by the uiw of ntropine. At tha 
end of f everal montbg a, wbitiBli tumor developed upon tlie right knee, and dtaoiden. 
of the lutntol faaultiuM then occurred, with weaknesa of memory. coDfuaion of idea) 
and a rapid losa of fliiah. Upon autopay aeverat tuberculous Cumort of the aiie ot 
walnut were found upon the couvexlt; of the left cerebral hemisphere. 

Disturbances of the special senses are quite rare in tumors of the con-, 
vexity. Lebert and Ladame have noted amblyopi 

3 the coexistence (for three years) of internal otitic 
ng;, led Traube to make a diagnosis of cerebral ab- 
e, also, sometimes presents symptoms of irritatioa 
(exalted ideas, furious delirium, etc.). Vomiting is a less constant symp- 
tom than constipation. The fever and strabismus, which sometimes occuiy 
should be referred to an intercurrent meningitis. 

We may, therefore, mention as characteristic symptoms of tumors o( 
the convexity, the frequency of convulsions and epileptiform attacks, the 
rarity of paralyses and sensory disturbances, and symptoms of irritatioa 
on the part of the intelligence. 



II. ToMOES OF THE AnTEKIOB LoBES OF THE BbAIN, 

The important part plajed by the anterior portion of the homiaphere% 
in the production of \oluutarj movements has onlj been demonstrated 
by recent investigations Histological researches ha\e shown that thft 
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foot of the cerebral peduncle, which is chiefly composed of fibres from the i 

antero-lateral columns of the spinal cord, is distributed, in great part, to ■ 

the anterior lobes. Fritsch and Hitzig'a experiments on the results of | 

galvanic irritation have shown that, in dogs, the motor centres for the ama- ] 



DISEASES OP THE NERVOUS SYSTEM, 109 

cles upon tho opposite aide of the body exist in the latertil portions of ths 
frontal lobe, The centre for the muscles of the neck is situated moat an- 
teriorly; a little to the outside is found the centre for the flexors and ro- 
tators of the anterior limb; and to the inner side is the centre for the ex- 
tensors and abductors; within and beiow ia that for the movements of the 
posterior limbs, and, at the junction of the inferior and middle third of the 
anterior central convolution, is the centre for the facial muscles. Accord- 
ing to tbe most recent researches, th&centre for the ocular muscles is sit- 
uated to the inside of the centre of those muscles which are innervated by 
the facial, and are grouped around the eye. These centres are connected 
with one another and with the cerebral gangUa. 

Having determined the role which the anterior portions of the hemi- 

Sheres play in voluntary movements (although these facts cannot be ap- 
ied to man unreservedly on account of the imperfect decussation exist- 
ing in animals), we most now refer to the part which the frontal and tem- 
poral regions of the brain, by their connections with tbe island of Reil, 
take in the central formation of language {vide pp. 76, ?7); disorders of 
speech existed in the proportion of 19 to 100, in the tumors of the anterior 
lobes collected by Ladame, Later and more extended statistics have in- 

t creased this proportion considerably, 
Meynert and myself have observed two cases of aphasia in tumors of 
the anterior lobes, tbe principal symptoms of which I shall here describe, 

1. Uejnert'H obBerration refera to a fomala idiot, aged 05 years, who waa afTeoted 
with paraljaia of the right eiiie of the face, of the ton^e and lower limb, and vro* 
aphaaic to such an extent that she was unable to repeat her narae. At tbe antopaf 
Mejneit found encephalitis, with softening of the walls of the lefC lower horn ; at tha 
point where this lower lobe penatcates into the sabstanoa of the brain, a hard voaciilal 
tumor was situated, of a reddlsh-wbite color, eDcapsulBted in on encepholitio cicatrix ; 
its volnme was that of a hen's egg, and the posterior half was in a condition of cbeeay 
degeoeratiOQ. This tumor wbb wedged in between the insula and the interior and ex- 
ternal portion of the left lenticular nucleuB. The island of Reil (which was in a con- 
dition of encephnlitia, and the pia mater of which was adherent to the temporal lobe, 
operculum, and posterior part of the opetculumjwas pushed to the outside. Tbe ex- 
ternal capsule, clauHtrum, white subiitanoe of the insula, and tbe third segment 
of the lenticular nuolena, were in great part replaced bj the tumor. Tha posterior 
portion of the lenticular nucleus, optio thalamus, internal capsule, and the peciphery 
of the centre of VieaBsiena, were awolleo, diffluent, and ceden:iatouB (weight of brain, 
1,378 grm.). 

2. The case whioh I observed was that of a man, a^^ 41 yean, who bad auffsred tor 
■evenil years from headache occurring in violent paroxjama, vertigo, intermitteDt mus- 
onlor cramps, loss of memory, and apathy. The hitherto robust patient took little 
nourishmeDt, aod in the last months answered all questiooa with yes or no, after long 
lefleotion and with manifest effort. No other worda could be pronounoed by this pa- 
tient. The pupils were moderately dilated, tbe tongue heavily coated, the pulae 7^ 
Bix days after entrance into the hospital, paralysis of the right halt of tbe body super- 

tTened, with dilatation of the right pupil, and tbe pulse roae to IDii ; the heart sounds 
were normal. 
Tbe patient died two weeks later; at the autopsy a sarcoma as large as a hen's 
egg was found upon the frontal portion of the left operuulum; upon the left promi- 
nence of the latter waa a Reeond tumor as large aa a pea. The Operculum was adher- 
ent to tbe inauta by the inllained pia mater ; its parenchyma waa softened, and aeveral 
■mall, recent hiBmorrhi^aa were observed in its Dsigbborbood. The right hemiplegia 
resulted in this case from the deatruction of the fibres paaaing into the lentioolar on- 
oleus. Tbe oecebral ganglia were unaSeoted. 

Headache is one of the most fret^uent symptoms in tumors of the an- M 

terior lobes of the brain; it is sometimes diffused, and sometimes limited ^ 

^ to the frontal region. Disorders of the psychical faculties are observed M 
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in the majority of these tumors, and comprise all stages of intellectual dis 
turbance, from weakness of memory and judgment to hypochondria and 
dementia. These disorders may depend upon the pressure exercised bj 
the tumors, upon softening and inflammation due to their presence, of 
upon the atrophy and discoloration of certain portions of the cortex o£ 
which we have previously spoken. In one situation, these various facton 
may involve the converging systems which preside over the association of 
ideas, and in an another position they may cause interruption of conduo- 
tioD in the intermediate portions of the radiating fibres which transmit the 
impressions of special sense, and, finally, lesions may exist in portions of 
the cerebral cortex which preside over the formation of ideas. Iii a par- 
tient of "Broca (Gaz. des H3p., 148, 1863), softening was found extendmg 
through the gray substance of the anterior lobes; in two other oases <tt. 
melancholia and weak-mindedness, published by Duohek, abaceases nsN, 
found extending to the cerebral cortex. 

Inacaaa pTiblisbedbyMencbede (VIrch. Aroli., X2X7. Bd., 3K, 1866), the patieii(^ 
aged 30 years, suffered, since childhaod, from epilepsy and afterwards from tmbeoilJlT, 
klEptomnnia, and erotic propensities ; finally from interonrcent attacko of fnriooB delt- 
riurii. At the autopsy, on osteoma, H inches long, H inohes wide, aod nearly an inah 
thick, was found in the anterior and interior portions of the left cerebral hemisphera 
(nnder the miorosoope. the oateoroatoas growth was found Hurroundcd by Boft myxo- 
matous tissue). In addition, a, Bplitsbaped uavity. half as large as a pen, was Coaod in. 
the left Amnion's bom, communicating witb the left lateral ventricle, and containing 
a tissno rich in rexselH, which was regarded as an arrest of development (?)■ 

Stewart published a case (Quart. Journ. of Calcutta Med. and Fhys. Sooiet^, ISST) 
in which on OBseous tumor situated in the left frontal sinus had given rise to headacha, 
lasting several years, to hypochondria and somnolence, and finaUy ta coma which ooa- 
tinued several weeks. 

The motor disturbances which are so frequently observed in tumors of 
the anterior lobes (33 times in 37 cases, Ladame) are sometimes of an 
irritative character (epileptiform attacks), and sometimes consist of paraly- 
ses of one-half the body, rarely of one side of the face. Generally, these 
symptoms are produced by tumors which penetrate deeply and provoke 
secondary irritation, cedematous swelling or softening of the cerebral 

Kanglia and adjacent parts. In Mesnet's case, a hard, blackish tumor, as 
irge as a billiard-ball, was found in the right anterior and middle lobes, 
and had given rise, during life, to a tendency to deviate towards the rigid 
in walking. Among the sensory disturbances, which are of very rare 
occurrence, we may mention neuralgias in the limbs (as in Andral's case), 
or aniesthesia (Bouillaud and Meissner's patients) ; in the first case, loss of 
sensibility was found upon the opposite side, and, in the second casa, 
upon the side corresponding to the site of the tumor; but complications 
were present which evidently obscured the symptoms. 

The special senses are only involved in a few instances. Here and 
there we lind mention made of alterations of smell or taste, without any 
minute examination having been made. In five cases reported by La- 
dame, amblyopia (which, in one case, was alternate) or complete amauro- 
sis was observed. If we examine the published cases more carefully, it 
will be found that in Plater's case, in which amblyopia attacked the left 
and right aides successively, a tumor as large as a hen's egg was present 
the left cerebral hemisphere, and had flattened the optic nerves. The 
ne event occurred perhaps in Jentzen's case, in which a tumor, occupy- . 
ing a similar position, had given rise to softening of the surrounding parta. 
In the three remaining cases, the anterior and inferior portions of tu 
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terior lobes were affected by the tumors, which had also compressed the 
chiasm. In Eisenschnitz's case, a girl jet. 6 years, presented blindness, 
i7itb considerable swelling of the left eye, violent frontal headache upon 
the same side, frequent vomiting, and later, loss of oooscJousness, slight 
convulsions, dilatation and paralysis of the right pupil. On autopsy, a 
g^lioma was found in the left retina, and a secondary growth of the same 
character, as large as a goose egg, existed upon the roof of the left orbital 
cavity; it was strongly adherent above to the dura mater, and within, to 
the fibeath of the optic nerve. A considerable extravasation of blood 
I had also occurred into the left lateral ventricle. 

From the preceding statements we may accordingly give the following 
aa the chief characteriatio symptoms of tumors of the anterior lobes; dif- 
fused or frontal headache, symptoms of irritation or depression of the psy- 
chical faculties, oonvulsiona, epileptiform attacks, hemiplegia, the frequency 
of disturbances of speech (generally assuming the characters of aphasia), 
the rarity of disorders of sensibility and of the special senses. 



m. Tumors or the Middle Lobeb, 



H^ In tumors of this region, headache usually occurs upon one-half oi 
H the head, on the side corresponding to the situation of the growth; it is 
V Tarely frontal. Motor dlsturbancea are very frequent; in one-half the 
■ oases collected by Ladame, they existed under the form of hemiplegia; in 
several cases convulsions and epileptiform attacks occurred. In the ma- 
jority of examples belonging to this category, the ganglia were also 
affected by the diseased process. In Cruvellhier's, W^eler's, Green's, 
Vanroosbroeck's and Lebert'a eases, the corpus striatum and optic thala- 
mus were more or less seriously Implicated. 

Sensory disorders existed 10 times In Ladame's S7 cases; 4 times, an- 
aesthesia occurred upon one-half the body on the side opposite to the 
I tumor; in only two oases was the anresthesia in the territory of the trigemi- 
nal nerve, once upon the same side as the tumor, and in the other case, 
upon the opposite side. 
The cutaneous anresthesia of the limbs was evidently due to lesions of 
the sensory fibres which pass out from the foot of the cereliral peduncle, 
and of which we have already spoken, while the trigeminal anresthesia 
■was caused by compression exercised in the course of the nerve, Aa 
Bymptoma of sensory irritation, Deliouse found, in one case, neuralgia of 
the ophtlialmic branch with inflammation of the eye upon the same aide. 

Of the organs of special sense, the eye is moat often affected {ambly- 
opia or amaurosis), in consequence of compreaaion of the optic nerves; 
audition is more rarely involved (thickening of the acoustic nerve in 
Abercrombio's case); strabismus is also sometimes observed. Intellectual 
disturbances, which usually appear as apathy or imbecility, are as fre- 
quent as in tumors of the anterior lobes; disorders of speech, when pres- 
ent, are readily understood from what has been already stated. 

Thus, tumors of the middle lobes, like those of the anterior lobes, are 
also characterized by motor and intellectual disturbances. Nevertheless, 
the disorders of the special senses, and especially of sight, are more fre- 
quent in tumors of the middle lobes; a still more frequent symptom is 
cutaneous an.-csthesia upon the aide opposite to the tumor, affecting either 
one limb or half the body. 
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IT, TCUOBS OF THE POBTKRIOB LOBKB. 

The latest histological researohes have shown that there is inucli lea 
extensive union of the fibres of the corona radiata of the posterior loba 
with the motor ganglia than in the anterior lobe. On the other hand, 
Gratiolet's investigations have shown that the cortex of the occipital loba 
gives origin to the external sensory fibres of the foot of the cerebral 
peduncle, which correspond to the posterior spinal columns and to the ex- 
pansions of the optic nerves. Hitzig and Ferrier have shown, in the 
course of their experiments upon electrical stimulation, that removal of 
the posterior lobes in animals produces no effect upon motion, a fact which 
is, however, not entirely applicable to man. 

Among the pathognomonic signs of tumors of the posterior lobes, we 
may mention the appearance of psychical disorders, which are much more 
common than in growths of the anterior and middle lobes. The syniptoma 
of motor imtation consist of convulsions and epilepsy; the symptoms of 
depression are manifested by incomplete hemiplegia or pareses limited to 
certain limbs. Cephalalgia is usually diffuse, more rarely limited to the 
posterior part of the head. Sensory disturbances have been observed in 
only a small number of cases, but careful examination will probably prove 
their greater frequency. In an old observation by Starkey, and a more 
recent one by Meachede, double amaurosis existed in addition to hoadache, 
vertigo, epileptiform convulsions, and anfesthesia of the limbs (Starkey). 
The vertigo which Immermann attributes, in tumors of the posterior cer- 
ebral fossie, to real oscillations of the trunk, may be due to irritation of 
the or^an presiding over the sensation of equilibrium, and which is sit- 
uated in the temporal bone, i. e., the semicircular canals. 

When the tumors occupy several lobes at the same time, it goes with- 
out saying that the somewhat confused distinctions which we have estab- 
lished, completely disappear. Nevertheless, the striking symptoms which 
we have enumerated, such as disturbances of motion and sensation, of the 
psychical faculties and of the organs of special sense, preserve their im- 
portance in the majority of cases, and force us to suspect the existence ol 
cerebral tumors. 



T. TUUOBS OF TBB MOTOK GaNGLIA OF THE BSAIir. 

(Corpus StriBtnm and Lentlcnlar NQoleiu.) 

The fibres of the foot of the cerebral peduncle, which have their cen- 
tral origin in the corpus striatum and lenticular nucleus, are connected 
with the centrifugal fibres of the pyramids, and since the ganglia receive 
fibres of the corona radiata proceeding from the cerebral cortex, they serve 
for the transmission of voluntary impulses to the anterior roofs of the 
spinal cord. Nothnagel's experiments have shown that the lenticular nu- 
cleus in animals is chiefly a motor apparatus; and Ferrier, in his later ex- 
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riments, has seen very marked plcurosthotonos develop upon the oppo- 
side after electrical irritation of one of the corpora striata. The 
eanglia in question also contain the fibres of the cranial motor nerves. 
The surrounding medullary substance gives passage, as we have shown 
above, to the central, apparatus for the transmission of sensibility towards 
the external and posterior regions of the optio thalamus, and to the por 
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tiona which unite these with the posterior and temporal regions of the 

The loss of the power of motion accompanying tumora of the cerebral 
ganglia is often preceded by symptoms of irritation (muscular spamns, 
tremor, and disturbances of co-ordination), which will claim our careful at- 
tention. 

Duchek (Mediz. Jahrb., 1 H,, 1865) observed at the onset, in a case of a 
tubercle as large as a haKel-nut, occupying the left corpus striatum, cliorei- 
form, iuco-ordjnated movements of the muscles of the face and limbs 
upon the right aide. Lind observed tremor of the hands in a tumor as large 
as a hen's egg, which had taken the place of the left corpus striatum. 
The symptoma of motor irritation usually precede those of depression; 
alternation between the two sets of symptoms may continue as long as 
the conducting power is not entirely abolished; and, if this condition per- 
sists for a long time, we should rather suspect the presence of a tumor, 
developing slowly and pushing aside the surrounding parenchyma, than 
cerebral softening. 

A musioiiin, 26 yaars of age, suffered, in the spring o( ISes, from periodical, violent 
paina, whiah extended from the vsFtex to the fourth oerTiool yertebia {the latter waa 
ver; painful upon preasare). Later, hia condition became complicated with headache. 
maiufeali losa of memory, freqaenC vomicing and tempocsr/ loss of DonBcionBneaa. 
Thew symptoms were followed by convulsioos, tcemore and pareais of the left half of 
the body, and bj frequent hiocough. Rode lespiiation was heaid over both longs. A 
diognoaia was made of probable tuberculona tumor ot the brain, and thia was conSnned 
on the autopsy. The toil of the r[ght corpus striatum and the optic thalomua were 
occupied by a yellowish, deotated tumor, larger than q walnut, und eitendiog into 
the third veutricle. The oentntl portion wan in a, condition of cheeay degeneration. 
Small granulationa, as large ox a poppy-seed, were deposited around the chiasm in a 
maaa of exudation ; grannlatloiia as large as a miUet-aeed were found in the lunga. 

' An analogous case of a sarcomatous tumor occupying a portion of the 
lenticular nucleus, has been mentioned under tumors of the anterior lobes. 

The motor disturbances chiefly consist in hemiplegia of the face and 
extremities upon the opposite side; epileptiform attacks are more rarely, 
and convulsions still more rarely observed. 

In Lind'a case, the tumor, which occupied the left corpus striatum, 
had also produced disturbances in the other hemisphere, and had given 
rise to paralysis of both lower limbs. Whenever the opportunity offers 
to observe cases of this nature, we should carefully examine the spinal 
cord in order to determine whether secondary degenerations have not de- 
veloped in the antero-lateral columns. 

In an observation recently published by Schueppel, a ha*morrhftgio 
myxosarcoma {sarcoma with interstitial myxomatous tissue), as large as 
an apple, was situated in the corpus striatum, without giving rise to pa- 
ralysis of the limbs. We must conclude, therefore, that if the fibres 
which transmit motor stimuli are not destroyed, but simply pushed aside, 
the power of motion will not be seriously aSected. In the growths in 
question, the special senses remain intact. The disorders of sight which 
have been mentioned as occurring in some cases, are due to destruction of 
the chiasm or tubercula quadrigemina. 

Intellectual disturbances are frequent, and are usually of t, depressive 
character. Speech itself, in the sixteen cases collected by Ladame, was 
affected seven times; in three oases, slowness of speech existed ; in two, there 
-was difficulty in the articulation of words; and in two, a loss of speech. 
Id ftooordance with the olassi£oation of the disorders of speech made lb 
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preceding chapters, I think that, ia this category of tumors, they must 
be chiefly regarded as motor disturbances of the tongue, or as slownesa 
of speech resulting from weaknosa of intellect. As yve have stated above, 
the fibres of the corpus striatum and lenticular nucleus are contained in 
the central portions of the pyramids and in the foot of the cerebral pe- 
duncle. They give rise to fibres which enter the nuclei of the facial and 
hypoglossal nerves, and which deoussate across the median line of the 
trunk of the brain, as Meynert has directly proven. Aphasic disturbances 
of speech must be due to lesions of th( 
nucleus from the cortex of the insula. 
■we can also explain how central lesion 
fluence of ideas, and even act upon t 
nerves. 

We JOAj summarize the sympti 
ganglia as follows: hemiplegia (very often preceded by aympti 
tor excitation) ; oonvulaions; disorders of speech, especially in the articula' 
tion of words; facial paresis; disturbances of intelbgenoe and integrity of 
the organs of special sense, the functions of which are very rarely involved. 



fibres which enter the lenticular 
From the preceding statements, 
may diminish or abolish the in- 
a roots of certain cranial motor 

i of tumors of the cerebral motor 
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TI, TUMOBB OF THE OmC THAXiLUUB AHB TlTBKIlCtrLA QtrACKIGBHrtrA. 

According to Meynert, the two ganglia of the tegmentum of the cere- 
bral peduncle give origin to the posterior spinal columns. Reflex stimuU 
are transmitted through the medium of the tegmentum to the anterior 
roots, and, in addition, the optic thalamus and tubercula quadrigemina 
are connected with the optic tract and corpora genioulata. 

In diseases of the optic thalamus (which merely gives passage to tho 
optic nerve), sight is not altered and special motor disturbances rarely oc- 
cur. According to SchifE (Lehrb. d. Physiol, d. Menschen, p. 343-47), sec- 
tion of the posterior portion of the optic thalamus upon the left side in 
animals causes a deviation of the head to the right, while the legs are di- 
rected to the left, the left anterior leg in adduction, the right in abduc- 
tion; in walking forwards, the animal describes a circle towards the right. 
8ohiS attributes these anomalies of position and movement to paralysis of 
the abductors and corresponding adductors. According to Ferrier, elec- 
trical irritation of the optic thalamus exerts no influence upon motion. 

In addition to serving as origin to the tegmentum of the cerebral pe- 
duncle, the tubercula quadrigemina also give rise (according to Gratiolet, 
in the superior pair) to the roots of the optic nerve, the fibres of which, 
after traversing the internal corpus geniculatum, radiate backwards into 
the cortex of the occipital lobe, while the external geniculate body, ao- 
oording to Meynert, furnishes the external root of the optic irradiation, 
and is connected with the corona radiata and with the base of the poste- 
rior tubercle of the optic thalamus. The optic nerve is therefore con- 
nected with the cerebral cortex, directly through the geniculate bodies, 
aiid indirectly by the two reflex ganglia, that is to say, by the optic thal- 
amus and corpora quadrigemina. The reaction of the pupil to the light 
depends, therefore, upon the continuity of the connections between the 
retina and the tubercula quadrigemina through the medium of the optio 
nerve; these connections may be continuous, by reflex means, with th» 
oculo-motor nerve and its ciliary branches. Destruction of the tubercula 
quadrigemina in animals causes, according to Flourena, blindness of the 
opposite eye; abolition of sight in one eye gives rise, according to Magen* 
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die, to atrophy of the tobercula quadrigemina upon the opposite side. 
According to the more recent researches of Adamueck, the motor inner- 
vation common to both eyes, proceeds from the anterior tubercula quadri- 
emina. The right tubercle governs the movements of both eyes to the 
[t, the left governs the movements to the right. After prolonged irri- 
tation, the head is also turned to the same side as the eyes. If the two 
tubercula are separated by a deep incision, motion only follows upon the 
side which is irritated. Irritation of the free surface of the tubercula pro- 
duces movement of both eyes to the apposite side; the movement Is mora 
marked, at the same time, upwards and inwards or downwards and out- 
wards. The old experiments of Flourens upon bUndness and paralysis of 
the iris, produced upon one side by the destruction of one of the tubercu- 
la quadrigemina, have been recently corrected by Knoll, who has shown 
that these phenomena are due, not to destruction of the tubercle, but to 
lesion of the optic tract. According to KnoU, irritation of one of the tu- 
bercles is followed by dilatation of both pupils, especially of the pupil on 
the side which has been irritated. According to the recent experiments 
of Ferrier, electrical irritation of the tubercula quadrigemina causes strong 
opisthotonos, trismus and dilatation of the pupils; the limbs are stiff and 
extended. These phenomena are especially well marked upon the side 
opposite to the irritation. 

Tumors of the optic thalamus have, until recently, been regarded as 
causes of hemiplegia, but the motor functions of the thalamus are now 
strongly questioned. An observation, recently made by Meynert, is opposed 
to the views hitherto adopted. The patient, a boy four years of age, suf- 
fered from headache, vertigo, paralysis of the oculo-motor and trochlearis 
nerves and crossed paresis with tremor of the limbs on the left side. For a 
long time the patient had the habit (although not continuously) of inclin- 
ing the head to the left, the left arm being flexed and the right arm ex- 
tended, A diagnosis was made of a tubercular tumor in the right pedun- 
cle extending across the tegmentum into the optic thalamus. Upon 
autopsy, a tubercle, larger than a pigeon's egg, was found at the base of 
the brain in the anterior perforated space. The tumor had compressed the 
foot of the cerebral peduncle, the optio tract, and the wall of the third 
ventricle upon the right side and also the optic thalamus, and had thrust 
its posterior tubercle to the outside. 

The abnormal attitudes of the patient, which were observed in Schiffa 
experiments and aided the diagnosis of a disease of the optic thalamus, 
are attributed by Meynert, not to paralysis, but to a perversion of the 
muscular sense. In fact, when the attention of the patient is diverted, 
the pecuhar position of the arms disappears. It appears to me simpler to 
regard these pathological movements as caused by irritation of the reflex 
centres of flexion and extension of the two arms, and which lie side by side, 
in the optio thalamus. 

Tumors of the tubercula quadrigemina are of much greater rarity. In 
Ladame's work only two cases are mentioned, which occurred in children, 
aged respectively fifteen months and three years, and which were due to 
isolated tuberculizatian of the tubercula quadrigemina. Henoch's ease 
was characterized by right hemiplegia, paralysis of the right facial nerve 
in its palpebral and labial branches, internal strabismus of the right eye, 
contraction of the right pupil, and intermittent spasms in the healthy as 
well as the paralyzed limbs; sight was intact. At the autopsy, in addition 
to tuberculosis of the left lung, bronchial and mesenteric glands and spleen, 
granulations were found in the fissure of Sylvius and in the choroid plezi. 
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nsea of the ventriclee, and a tubercle, half &b lar^ aa a bean, in the left 
posterior tuberculum quadrigeminura (Berl, klin. Wsohr., 1864, 13), In 
St(!ffeii's case (eod. loc., 30, 1864), headache, double ptosis, eclamptic at- 
tacks {occurring throughout the body, but of short duration), and dulneu 
of the sensorial faculties (without disturbances of vision) existed during 
life; the symptoms of pulmonary tuberculosis were also present, Tha 
autopsy showed the existence of tuberculosis of the lungs, bronchial and 
mesenteric glands; the tuberoula qusdrigemina were transformed into k 
rounded, fissured, yellowish, tuberculous mass. 

To these two cases occurring in children, I am able to add a case of 
medullary tumor of the tubercula quadrigemina, which I had the oppor- 
tunity of observing in an adult at the Vienna General Hospital. 

A weaver, aged 30 jeara, oomplamed, upon admiBaton to the hoHpita], of violent 
headache, which had appeared a year previoasly, but had been contEnuoiiH only for tha 
last two manthH, of weaknean of memory, dimneaa of viaion in both eyea, and a feeling 
of eitreme loSHitiide, The patient preaonted a uacbectic appearaiioe, aoswereil qoes- 
tlona with difficallj, the gnie was fiied. the pupils atrongly dilated and reacted slowly. 
He Elated that aarroanding objects appeared dim. The (fait waa feeble, and walking 
waa soon followed by a feeling of fatigue. 

The force of the grip waa also very much dimiuisbed ; the additional symptom! 
were BomnolGnce, intermittent oonvulsionB of the limbn, and congh without any ap- 
preciable objective oanne. The heart acted normally, the pulsa being 60 ; there was 
slight onnatipatiou at the and of several days ; the patient full into a condition of 
atnpor, from which he could only be aronaed with continually increasing difQcultj. He 
died seven weeks after admiBaion. in a condition of general paralysis. 

At tJiB autopsy, the meninges were found infiltrated with aernm, the oetebial oon^ 
volutions were Qattened, the fornix waa strongly arched upward, and the ventrioles 
distended into laooulated oavities. A medullary tumor, abont as large as a nnt, waa 
found upon the corpua quadrigaminnm, extending to the middle oommiaBure -, it sepa- 
rated the optio f.lolain, and atietched into tiie fourth ventricle by a small, oonioal pro* 
longation. 

If we attempt to gather some characteristic symptoms of these tumors 
from the extremely few cases which we have recorded, we will be aided 
by the fact that pathology agrees (although in an imperfect manner) with 
the anatomical and physiological researches to which we have referred 
above. The symptoms of motor irritation, the later disturbances in the 
paths which transmit motor impressions, the dilatation of the pupil on the 
opposite side (Henoch's case), and the paralyses caused by pressure of 
the tumor upon the motor ocuH nerve, all these symptoms are readily ex- 
plained by the experiments which have been referred to. But we do not 
attach any especial importance to the symptoms of paralysis of the third 
pair of nerves, even when they have a progressive course (contrary to the 
opinion of Henoch and StefFen), for we shall see hereafter that analogous 
Bymptoma occur in tumors of the peduncle. 

As regards the blindness produced in animals by extirpation of the 
tubercula quadrigemina, nothmg similar was observed in the first two 
oases which we have cited. Despite the extensive changes in the tuber- 
cula, vision was unaffected. But if we consider that in these two cases 
the fibres of the optio nerve were not entirely destroyed, but merely pushed 
aside by the tumor, and that, according to Knoll, it is not the destruction 
of the tubercula quadrigemina, but lesions of the optio tract, which are 
most important; if we, furthermore, reflect that, even after the destruc- 
tion of the tubercula, communication with the cortex of the brain is still 
possible through the geniculate body and that visual perception is thus 
rendered possible — we can satisfactorily explain the slight alterations in th« 
aeuse of sight. 
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In oonfirniatioi) of the blindness observed in physiologioal experiments, 
wo may refer to the dimness of vision present in my cast and noticed by 
the patient himself. In this connection, I may also quote Friedreioh'B 
ease, in which the tubercula were compressed by a sarooma as large as a 
ben's egg, oacupying the right optio thalamus. During life the patient 
suffered from paresis of the extremities on the left side, from strabismus 
of the left eye, lagophthalmos, amblyopia, and alternating dilatation 
ftnd contraction of the pupils. The left side of the face was paralyzed 
and sometimes subjected to spasms; partial spasms were also present in 
Henoch's patient. 

The diagnosis of a disease of the tubercula qaudrigemina is far from 
being free from obscurity. All that can be said is, that the most striking 
symptoms consist of convulsive spasms, paralyses of the limbs and of the 
motor oouli nerves, changes in the condition of the pupUs, paresis of the 
face and frequent disorders of vision. 



Vn. — ^TUMOBS OF THE MiDDLB CbBKBBAL FoSSA, AITD OF THB BesIOM 

or TUB Gassbbian GAjfauoK. 

Passing now to the base of the brain, we shall carefully study the 
tumors of the middle cerebral fossa, which are accessible to diagnosis at 
some points. Tumors thus situated, may, according to their size and the 
manner in which they develop, extend to the Gasseriau ganglia and the 
fibres which pass out from them, to the roots of the olfactory nerves, 
pituitary gland, chiasm, to the ocular, facial, and acoustic nerves, and even 
to the pons varolii and cerebellar peduncles. They may also send pro- 
longations into the foramen rotundum, foramen ovale, and internal audi- 
tory canal. The symptomatology may thus become very complex and 
the diagnosis may present great difficulties. 

Nevertheless this class of tumors is characterized by certain symp- 
toms, which often permit an exact localization of the lesion during life. 
These symptoms consist in affections of the trigeminal and facial nerves 
and in nutritive disturbances of the eye upon the aSected side. The 
affection of the trigeminal is manifested, at first, by symptoms of irrita- 
tion under the form of prosopalgia, which are followed, after destruc- 

[ tion of the fibres, by aneesthesta limited to one-half the face (sometimes 
sniesthesia dolorosa). The paralysis of the trigeminus usually extends to 
the external and internal branches, and then produces, in addition to pa- 
ralysis of the masseter muscle, insensibility of the skin and mucous mem- 
branes, and blunting of the olfactory and gustatory senses in the corre- 
Bponding nares and naif of the tongue. In consequence of the increase 
of the lesions of the trigeminal nerve, destructive inllammation of the eye 
develops. Inflammatory redness of the conjunctiva and iris, opacity, puru- 
lent infiltration and central ulceration of the cornea and perforation and 
atrophy of the eye occur in the same manner as after experimental sec- 
tion of the trigeminus. We shall enter, in detail, upon the causes and 

. nature of this ophthalmia, in the seotion upon diseases of the cranial 

1 nerves, 

In » case repotted by Baveridge (Med. Times and Qai., 931, I8SS), oomplete loss of 
■ansibility oocnned upon the left halt of the face, froni the ejebrow to the chin, and 
Involving the conjunctiva. QOrneii,, left aucBs, and the left half of tbe toDgoe ; aaditfon 
WAS impaired upoii Che same ade. Little by little, mghi began to grow feeble apon 
the left side, and fliutUy liypopyoii developed iu)d pert oration of the eye ensued ; ths 
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left side «m)uiiated ooDHidembly. The patienl died after poreBis of this side nnd pa- 
mlf sis of the left muscles of mestystioii. At tbe autopsy, a haid, oonical tomoT, an 
int^ in leD)(th, wbs found between tbe pons vatotii and the petrons portion of th« 
temporal bone. The crigemiDftI nerre was more ojoipaot and hanler than normal, and, 
niter passing under the tentoriam of the cerebellam, entered the ganglion of Gasser, 
which was considerabl; liypertrophied, mixed witb fibrous tisane and covered bj the 
atlocgly adheient dura mater. Tbis mass not only involved the Gaaaeriiui ganglion, 
but also tbe ophthalmia branuh, the origin of the superior maxiUar; nerve and a por- 
tion of the iufariot. 

In a more reoent raise, described b; Borland (Bost. Med. Jonm., Vol. VII., 18T3), 
the symptoms obaerred during life were uloetstive lesions of the right eye, ptosis, 
right fncial paralyBiB with Ballvation, followed by enfeebled bearing and parsljrEiB of 
the left leg. At tbe autopsy, a glioma, one sod a half inobes in diameter, was found 
npon the left side under tbe tentorium cerebelli, with sclerosis of the right aensoiy 
root of the Irigemiiuki nerve, infiltration of the right Gasserian ganglion with pigment 
cells and amyloid bodies, and compresaion of the pons, oerabellor pedonciee, am' 
modulla oblongata. 

In calling atteutioD to tbe characteristic electrical reactions of the 
muscles of the face In paralyses due to tumors at the base of the brain 
(Klin. Beitr. z. Syrapt. u. Diag. d. Tumor, d. Himb. u. d. Pedunc, Med. 
Jahrb., XXX Bd,, 18701, I have demonstrated that tbe faradic excita- 
bility of the muscles of the face and of the branches of the facial nerre 
is abolished and tbat the gaivano -muscular reaction is increased (in com- 
parison with the healthy side), while the isolated branches of the facial 
nerve present a diminution of galvanic excitability. The following notes 
refer to a case of this kind, which is remarkable for the iutr&-cramal 
though extra-cerebral character of tbe lesions; 

A porter, 30 yean old, was reoeiTed into the saoond niedioal diTision of the Vienna 
Geneml HoapitaL The patient states tbnt he has suffered since Nov., ISflS, from ver- 
tigo, frontal heodaUie, diplopia, and stiffness of the right side of the face. Upon ad- 
Dussion (May, 1669), I discovered complete paralysis ot the right half of the face (with 
Ii^opbtbalmos and salivation), paralysis of tdl tbe ooular muHclea upon the right side, 
with the exception ot the superior rectus ; in addition, softening of the cornea (kera- 
tomalocia) and ameathesia of tbe trigeminal nerve (externally, following an oblique 
line running from the labial commissure to the zygomatic arch and oocipnt ; intemallj, 
npon the mucous membrane of the cheek and bnccol cavity an the right cade). There 
was also complete abolition of the faradio excitability of tbe muscles of the face and 
branches of the facial nerve n pon the right side, with increase of tbe muscular reactitHi 
to the continuous current (compared to the healthy side). The anbolavicnlar and lat- 
eral cervical glands, extending to tbe parotid, were infiltrated and firm. The left leg 
became weak after any prolonged exercise, but both hands were equal in strength. 
The aniBsthctic cheek was, St times, the seat of violent pains ; during one of these at- 
tacks I noticed marked redness arcund the right ear; tbe temperature iu the right 
external anditory canal was ;(S.S° 0. and in the left only 85° C The ensemble of 
ayraptoms, the cbaraoteriHtic effects of electricity upon tho paralysed aide of the face, 
together with the enlargement of the cervical glanda, led me to diagnose a carci- 
noma {syphilis, acrofnla, and tuberculosis having been previously excluded) situated at 
the base of tbe brain around the Gaeserian ganghon. In the absence of motor disturb- 
ances in the limbs, I concluded that the tumor did not affect any of the organs of 
motor conduction (pons and cerebral peduncles). The patient died in a condition ot 
stupor towards the end of tbe month. At the autopsy, a tumor, larger than a five-frano 
piece, was found at tbe intemnl periphery of tho middle cerebral foBsa upon the right 
side, and from which a medullary juice llowed upon section. It passed through tbe 
cavernous sinus to the orbital wails, and sent prolongations throngh the foramen ovale 
and foramen rotundum into the Fallopian aqneduct. The trigeminus (except a small 
portion which was preaerved in the Oaanerian ganglion), the motor oculi communis, 
pathetlous. motor oouli extemns and petroaus superficialis major nerves, were matted 
together by the tumor (under the microBCope it was fonnd to be oomposed of a stroma 
of connective tissue and a few cellular elements). The cervical gtanda and a small 
growth in tbe liver presented similar changes. 
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We Tna; summarize the diagnostic signs of tumors situated in the 
middle cerebral fossa and around the Gass^rian ganglion as follows: 
chronic head -symptoms, facial naurHtgia, often changing toaoiesthesiaand 
limited to one-half of the face; simultaneous paralysis of adjacent motor 
nerves or of the anterior sensory nerves; peculiar electrical reactions 
upon the paralyzed side of the face; finally, intiamra at ion and suppuration 
of the eye-ball. The appearance of hemiplegia of motion and sensatioci in 
the limbs with crossed paralysis of the cranial nerves, disorders in the ar- 
ticulation of speech, dysphagia, and partial rotation of the head or trunk to 
one side, show that the tumor has extended to the pons and, varyingwith 
the symptoms, to the cerebellar peduncle. 

Vm. TuMOBS OP THE PlTClTABT BbOIOH. 

The tumors of the pineal gland usually assume considerable dimensions 
and, by their size, growth, and lateral development, may compromise va- 
rious organs at the oaae of the brain. The anterior perforated space with 
the olfactory region, the chiasm, roots of the optic nerves, mamillary 
bodies, posterior perforated space, cerebral peduncles and even the pons 
and adjacent portions of the cerebellum, may be compressed or destroyed. 
The cavernous sinus, sphenoidal fissure, the nerves passing through it, and 
the ventricles, are very often affected by the pressure exercised by the 
tumor or by its prolongations. Danger may also arise from softening of the 
parts adjacent to the tumor, and this may even extend (as in Biermer's 
case) to the cerebral ganglia and the centrum ovale of Vieussens. The 
effects of tumors of the pituitary gland may extend to the fourth ventricle 
And give rise to the production of diabetes. 

Among the initial symptoms of these growths are the periodical head- 
aches, which especially occupy the frontal and temporal regions and may 
«ven extend to the suborbital region and to one or tho other eyeball. 
Disorders of vision also occur among the severe initial symptoms, and ap- 
pear under the forrti of amblyopia or amaurosis either of one eye or more 
frequently of both (atrophy of the optic nerves). Sensory irritative symp- 
toms are infrequent and temporary. Motor symptoms of irritation and 
depression are isolated (convulsions, contractures, hemiplegia, or para- 
plegia), and are not characteristic of this group of tumors. Disorders of 
the special senses are manifested, and must be often regarded as symp- 
toms of hyperamio irritation. These symptoms are roaring io the ears, 
flashes of light before the eyes, and hallucinations of sight. The enfeebte- 
ment of the sense o£ smell which sometiokes occurs may be due to lesions of 
certain parts adjoining the tumor; in fact, the olfactory region (with the 
decussating fibres of the roots of the olfactory lobe) is situated above the 
anterior perforated space and beyond the Ammon's horn, so that certain 
portions of the anterior commissure originate from roots situated in the 
olfactory region. Among the psychical disturbances wo may mention weak- 
ness of memory and apathy; there is no noteworthy disorder on the part of 
speech. Tumors of the pituitary gland may be mistaken, in some cases, 
for orbital growths which also cause amaurosis aud exophthalmos. In in- 
tra-cranial tumors, according to Michel, the amaurosis precedes the exoph- 
thalmos, and the reverse holds good in orbital tumors. In the latter, also, 
which are most frequently situated upon the aides of the eyeball, the 
exophthalmos is generally accompanied by strabismus. 

I shall now report the history of a case which appears to me to ba 
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of great interest, both because the disease ocourred in an intelli^^ent 60N< 
frhrt, and especially because it was attended by a oomplication not faitherta 
described, viz., intense diabetes mellitus. 

At the ead of Jane, 1859, before tba olose of ths Italian oampaign, St. W., kihII]- 
iBi; sargeon, aged Ul yean, was torcad to retain to Tienna on aeooont of headaohs 

and oontinuall; iDareaaing- weakoeaa of rag-bt The TJnio] disturbance conBiiited in • 
progremive oarrawing of the field of vision, starting from the peripbei;, at first is Che 
right e^e aad then in the left, so that finollj onlj those objeota ooujd be seen which 
were placed directly in front of the papUa. In the following years the sight becams 
entiiely lost OphtholmOBOOpio ciamination by Piof. Jaeger showed blnish discolora- 
tion of the optic discs. la Mo;, IHttl, tbe pslient complained of wx iDorease of weak- 
ness in tbe lege, though ha was able to walk down a tligbt of staiia. In the following 
months the power of motion rapidly diiuiniahed and the patient was thereby confined 
to his room. Poljphi^a and polyurin then deTcloped as new and uneipected symp- 
tom*, and piogrewdve emaoiation oocnrred, despite a vei7 excellent appetite. The 
urine was clear and pole ; the daily qnantity msMored three to tour kilogrammes ; the 
■peoiflo gravity varied from 1038-1040. TrouimBr'HBndBoettchBr'a (nitrate of biamoUi) 
teats gave an abaudant precipitate. The sensoiium was nooffeoted. In October, 
1801, the patient was unable to leiwe his bed ; the lower limbs were paretic, tin 
npper ones una&eoted. Towards the close of Che year very obstinate ciliary nenrslgiM 
were added to the previonsly mentioned symptoms. Opiates and hypodertnlo [nj«»- 
tiona of morphine on]y produced slight relief ; inhalations of ohlorofozm wera moia 
saooeBsfal. When the pains were most seiere. the patient used from 60-00 grammes 
of chloroform doily. The sad condition ot the patient was rendered atiil more gloomy 
dniing the first few mooths oF 1803. by an advanced ileg-ree of emaciation. Three days 
before death (beginning of May) the pnlse became accelerated, and changes occurred 
in the quantity and color of the nxiae ; during the last days ot life no trace of sugar 
oonid be detected. At the autopsy, a hard tumor (sarcoma), larger than a walniit. wai 
found in the rGgion of the hypophysis ; the sella turcica was eroded ; the ephippium 
had disappeaied, with the exception of a very email portion which was adherent to the 
posterior clinoid eminence * a prolongation of the tumor hod entered the sphenoidal 
fissure. Advanced fatty degeneration had occurred in tbe optic nerves \ nothing ab- 
normal could be deteoted in tbe fourth ventricle with the naked eye ; no mioro- 
Hoopicol examination oould be made. The kidneys and liver were vet]' much oon- 

Let us analyze the charaoteriatio symptoms observed in this case. The 
frontal headache, tbe amblyopia and amaurosis progreaaiag from the 
periphery to the centre, at first upon one side, then on both; the ciliary 
neuralgia, caused by tbe entrance of the morbid tissue into the sphenoidal 
fissure; the symptoms of progressive paralysis of tbe lower limbs (due, 
perhaps, in great part, to tne diabetic muscular weakness); all these 
symptoms agree entirely with the clinical history presented by other 
observers. 

But the extreme glycosuria constitutes a new and interesting oompli- 
cation. In the absence of microscopical examinations of the floor of the 
fourth Tentriole, we are unable to form any conclusions with regard to the 
lesions which produced this symptom. According to the experiments of 
Claude Bernard, lesions of the floor of the fourth ventricle will cause the 
appearance of sugar in the urine (from lesion of the centre of the vaficular 
nerves of the kidneys, according to Schiff). Tumors of this region may 
also produce glycosuria. If we consider, in addition, that the tuber cine- 
reum is found in the immediate neighborhood and in advance of the pitui- 
tary gland, and that the infundibulum merely represents a prolongation of 
the gray substance of the third ventricle and, by contiguity, of the fourth 
ventricle into the medulla oblongata, we may admit that tumors of the 
pituitary region, by an increase of pressure, may give rise to paralysis of 
leduUarf centres of hepatic innervation and to consei^uent hypenemia 
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I ot the liver reaulting in dinbetea. An observation made by Pavy, who 
, found sugar appear in the urine after oompi 
bral plexua, auo favors tliis interpretation. 
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a. — TuMOBs OF THE Cbbebbal Pbduncles, 

In order to comprehend the symptoms due to the formation of tumors 
in the cerebral peduncles, we must take into consideration the anatomical 
relations and physiological signification of the parts which compose them. 
The considerable development of the cerebral hemispheres in man accords 
vith the volume of the foot of the cerebral peduncle which takes its ori- 
gin in the hemispheres; extirpation of one hemisphere causes, according 
to Oudden, atrophy of the cerebral peduncle on the same side. A por- 
tion of the fibres which start from the cerebral peduncle Is directed, ac- 
cording to Broadbent, directly towards the cerebral cortex; the largest 
portion of the fibres of the pea pedunculi terminates centrally, as we have 
already shown, in the corpus striatum and lenticular nucleus. The motor 
filjres which traverse the lenticular nucleus and which radiate towards the 
Ulterior lobes, spring from the internal portion of the pes peduuculi and 
are continued through the pons varolii into the an tero- lateral colunms. 
The sensory fibres contained in the external portion of the pes peduiicuh, 
and which are directed towards the occipital lobe, are continuous with 
the posterior spinal columns. Decussating fibres, starting from the foot 
of the cerebral peduncles, also enter the motor nuclei of the meduUu 
oblongata. Experimental section of one of the cerebral peduncles pro- 
duces movements of " manage," the convexity of the circle which the 
animal describes in walking, being upon the side of the section. The 
movements of "man6ge " (rolling and turning) are explained by SchiS 
in the following manner: the paralysis of the fibres, which act in an har- 
monious manner in rotatory movements, forces the animals to direct their 
movements towards the opposite side and to describe a circle by the sum- 
mation of the contractions which affect unequally the anterior and poste- 
rior portions of the body. Incision of the peduncle, immediately in front of 
the pons, causes the animals to fall upon the opposite side, motion being 
preserved in the limbs of the side operated upon. We have already dis- 
cussed lesions of the posterior third of the cerebral peduncle under dis- 
eases of the optic thalamus. The recent experiments of AfanasieS 
(Wien. med. Jahrb., H-Vi, 1870) upon section of the cerebral peduncle, 
have resulted in the production of paralysis of the motor ocuh of the 
same side, incomplete paralysis of the face and limbs upon the opposite 
side, and also in a diminution of sensibility. 

The latest experimental investigations have also demonstrated the in- 
fluence of the cerebral peduncle upon the movements of the bladder and 
upon the vascular nerves. Budge first demonstrated (Henle und Pfeu fcr's 
Zschr., 21. Bd., p. li) and has since confirmed by new researches {Pflueger's 
Arch. II. Bd., 1870, p. 511-17), that irritation of the peduncle is followed 
by contractions of the bladder. As these movements can be obtained 
after removal of the posterior column, but not after section of the an- 
terior column below the irritated spot, he concluded that the motor 
nerve fibres of the muscular tissue of the bladder passed from the pedun- 
cle through the restiCorm bodies, medulla oblongata, and anterior columns 
of the cord. The more recent researches of Afanasiefi have also shown 
that section of the peduncle influences the functions of the bladder hj 
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J the obstructions to the Row of urine and by abolishing' the influ- 
ence of the will upon micturition. Budge has likewise proreu (Centralb, 
f. d. med, Wtss., 35, 1854) that the central excitation of the vaso-motor 
□ervea proceeds from the peduncle, and is transmitted through the ante- 
rior columns and roots to the communicating branches and to the sympa- 
thetic nerve. Irritation of the cerebral peduncle produces contraction of 
all the arteries in the body. After section of the peduncles, Afanasieff 
observed contraction of the arteries, at first as a symptom of irritation, 
and then followed by arterial dilatation as a phenomenon of relaxation. 
The contraction of the arteries, in animals, continues from ten to fifteen 
days, and is accompanied by a reduction of temperature {1.5°-ii° C. in the 
rectum). 

The symptoms obtained in experiments o 
larity with the morbid signs observed in m 
will be seen by the following notes of a case 
{pubhshed in Med. Jahrb., XIX. Bd. 1870): 

A peaaaat woman, SS years of ags, states that dnriD^ the last two years she baa 
gnCeied from beadaobe, vertigo, weakness of laght, and paratysis of the limbs Dpon the 
rigbt side. Careful examination ehowa the existeuoe of very marked ptosis of the 
left lid. On the right side the reapiratory muBclea of the face are paralyied (with 
aormol galviuo-farBdio excitability), and hemiplegia of tbe limbs is aoticed, with cott- 
aiderable diminution of (aotile sensibility and seosibility to psin upon tba right balvoi 
of the faoe and body (upon the upper limb the helices of an induction apparatna must 
be brought together to 20 or 34 milltmetres in order to obtain oontraatioiis and senaa- 
tiona as well marked as on the left side). Speech is Btuttering and the movemeate ol 
the tongae are markedly embarrassed. When the tongne is protruded, it deviates to 
the right With the ophthalinofloope an old neuro-retinitis is observed in the right 
eye and tbe acute stage in the left. 

The patient complains of distreBBiDg vertigo, which increoses rapidly on walMng or 
wbea she is tired. This ia also very morked when the patient aits up in bed, so that 
■he ia forced Co resume the horizontal position. She oau only lie npon the left tide 
(or a few minatea at a time, on account of the violence of the vertigo. During tie 
following weeks the patient who was four months advanced In pregnancy, experienced 
improvemeat iu speech, the other paralytio symptoms remaining unchanged. On two 
oaoasiona she had apaama of the extanaora of the upper and lower limba (without lo«8 
of conscioasnesa), tasting a few minntca. She also had frequent desire to orinate, 
espocially at nij^ht, aaymptom which the patient had aot experienced in previous preg- 
nancies. She aborted a dead, macerated fcetus, about six montha old ; the abortion was 
followed by fever and albuminuria, with symptoms of pneumonia on the right side. 
Towards the close of life iho paralysis involved the motor oonli nerve of the hitherto 
nnsileoted side, and we were led to moke a diagnosis of a peduncular tumor stietching 
from one side to the other. 

Autopsy : A tumor, larger Uian a bean, was fonnd between the cerebral peduncles, 
below the bifurcation of the basilar artery and the hypophysis, the growth being sor- 
rounded by a sone of serona softening in the r^ht pedunole. A minote examination 
by Meynert showed the presence of a cyst, as large as a bean, in the internal portion 
of the left cerebral peduncle, which hod also destroyed the roots of the left oculo- 
motor nerve as they traverse this point The innermost portion of the right cera- 
bial peduncle aud the adjacent portion of the tegmentum were Boftened and oongasted. 
A tumor waa situated upon the anterior portion of the posterior perforated space. The 
growth was larger than a bean, compressed the rigbt ooulo-motor nerve, and took the 
place of the mamilloty bodies and posterior portion of the tuber cinereora. Anteriorly 
it waa composed of a hard whlt« substance (fusiform cells and numerona bundles of 
intertwining connective tissue) and, posteriorly, of a soft, vascular tissue (small 
nucleated cells, recalling the structure of the ependyma, or large, epithelial cells con- 
taining proliferating elements). This tumor may bo classified among Virchow's g^o- 



From the succession of symptoms, it appears that the cyst in the left 
cerebral peduncle gave rise to the paralysis of the left oculo-motor, to the 
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light hemiplegia, and to the partial paralyses of the face and tongue. The 
tumor (jn the right side, which complicated the aymptomB during the last 
periods of life, produced the paralysis of the right oculo-motor neryo 
which occurred a little before death; the amblyopia was due to the com- 
pressioa of the chiasm. 

If we consider the symptoms of peduncular tumors separately, we will 
find that most patients complain of headache and vertigo, tlie latter being 
perhaps caused by diplopia. 

Motor disturbances have occurred in all the cases hitherto observed. 
At the beginning of the affection these symptoms are of an irritative 
nature and later, when the paths for the transmission of motor impulses 
become involved, paresis or complete paralysis of the limbs occurs upon the 
opposite side. When the lesion involves the fibres of origin of the facial 
Derve (which leave the pons in an ascending direction and decussate, 
passing only in part through the centre of the pes pedunouli), partial 
facial paralysis will occur upon the side opposite to the lesion. On ac- 
count of the intra-cerebral character of the facial paralysis, electrical es:- 
ploration reveals normal or only shghtly changed reaction to the faradio 
and galvanic currents. The oculo-motor paralysis, according to the united 
testimony of most authors, occurs upon the same side as the tumor. In 
small tumors of the peduncle, paralysis of the third pair may be wanting, 
as in Andral's case, in which a cyst, as large as a pea, was found in the 
centre of the substance of the cerebral peduncle and therefore at a dis- 
tance from the origin of the oculo-motor nerve and from the edge of the 
peduncle. According to Herrmann Weber, the third pair is only involved 
when the internal and inferior layers of the nervous tissue are aSected 
near the origin of the nerve. In the absence of symptoms of paralysis on 
the part of the nerves supplying the ocular muscles, it is impossible to 
differentiate the affection from a tumor of the optic thalamus. When the 
paralysis of the third pair exists on the same side as the hemiplegia, we 
must, according to Brown-S(Jquard, admit the existence of multiple morbid 

If the tumor finally extends across to the other side, paralysis of the 
oculo-motor nerve on that side will be added to that already existing. 
Very characteristic examples have been observed by Ruehle, Weber, 
Spanton (Med. Times and Gaz., May, 1803) and by myself. We very rarely 
find, in man, the manage movements observed in animals after experimen- 
tal destruction of one of the cerebral peduncles. We may consider, how- 
ever, as the analogue of these movements, the permanent rotation of the 
head to the side opposite to the lesion, observed in Stiebel's patient, and 
the tendency noticed in Paget'a patient to fall forwards upon the head. 
In a case published by J. Hermann (Diss., Breslau, 18C0), a tubercle in 
the peduncle, as large as a cherry-pit, had produced forced movements 
upon the paralyzed side of the body, in addition to hemiplegia, paraijrsis 
of the oculo-motor, and atrophy of the optic nerve upon the corresponding 
side. 

Sensory disturbances are also often observed in tumors of the cerebral 
peduncle. The irritative symptoms consist of formication and neuralgia 
pains in the hmbs, the depression symptoms, of anssthesia. The sensory 
paralysis usually affects the limbs at the same time as the motor paralysis 
(as in Weber's and Spanton's patients). The sensory disturbances gen- 
erally recover more readily, as Weber has shown by means of Sieveking's 
jBsthesiometer (Med.-Chir. Trans., XLVI. Bd., p. 131, 1S63). 

The disturbances of sensation appear upon the side of the body jppo- 
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Bite to the tumor. They usually occur upon opposite balt'eH of the face 
&nd body and are due to an anatomical lesion of those fibres, nhioh, aftei 
leaving the posterior spina) columns, pass into theexterna.1 portion of the 

fies pednnculi and ascead into the medullary substance situated behind tha 
enticular nucleus. 

With regard to vaso-motor disorders, Weber has observed in one case 
(extravasation into the inferior and internal ponions of the left peduncle) 
an elevation of temperature upon the right (paralyzed) side of the body. 
In a case published by Fleisohmann (W. med. Wschr., 6-9, 1871) of soften- 
ing of the left cerebral peduncle from a tuberculous nodule in the left 
optic thalamus in a boy two years of age, right hemiplegia of the face and 
limbs occurred in addition to paralysis of the left oculo-motor nerve and 
abnormal quotidian elevations of temperature (l''-1.2° C. in 13 hours). 

With regard to the differential diagnosis, we can merely state that cer- 
tain diaeaaea with analogous aymptoms may be easily mistaken for pedun- 
cular tumors. Among these are circumscribed meningitic processes at the 
base of the brain, of which we have previously spoken at some length. In 
such cases the successive affection of ttie oculo-motor and facial nerves 
on both sides, the appearance of paralyses of the patheticus or external 
motor oculi, and the diminution or abolition of the electro-muscular con- 
tractility, will aid in forming a diagnosis. Certain forma of ataxia, in 
which ptosis and ocular paralyaes are combined with cephalalgia and, in 
the beginning, with weakness of a lower or even an upper limb on one side 
of the body may, for some time, be mistaken for a cerebral tumor. In 
these doubtful cases the appearance of rachialgia, sciatica, brachialgia, 
intercostal neuralgia, the abnormal increase of the galvanic excitability 
of the nerves, the pathological itiodificatiDna of the law of contraction, in 
addition to the fatigue occurring so readily in the upright position, the 
genital excitation, the condition of the sphincters — all fliese symptoms, 
when carefully observed, will enable us to form a correct diagnosis. ^Ve 
may, therefore, aummarize the characteristic symptoms of tumors of the 
cerebral peduncles as follows : cephalalgia, vertigo, alternate hemiplegia 
with sensory disturbances, paralysis of the oculo-motor upon the same 
aide as the tumor, the frequent tendency of this nerve to be affected also 
upon the opposite side, the less complete paralysis of the opposite side of 
the face, frequent neuro-retinitis, dilhculty of mictorition, abnormal tem- 
perature and absence of intelleotual disturbances. 

X. — Tumors of thb Pons Vabolh. 

The pons varolii, the sise of which depends upon the development of 
the pes pednnculi, attains in man a more considerable thickness and volume 
than in any other animal. Among the fibres composing the pons, we find, 
anteriorly, the longitudinal motor fibres which come from the spinal cord 
and pass upwards (continuation of the pyramids). Apart from these 
motor fibres, the pons contains, in its posterior part (as Clarke first dem- 
onstrated), sensory fibres which start from the external portions of the 
pes pedunculi and decussate in the posterior column. 

Perpendicular sections show, according to Meynert, that these longitu- 
il fasciculi form the anterior and posterior halves of a shell enveloping 
the nucleus, which gives rise to the oonvex shape of the pons, that is to 
say, the deep transverse fibres. The nerves which pass towards the brain, 
after their fibres have for the most part decussated lower down in the 
pons, also pass through the pons varoliL According to Schiff, many of 
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the Taao-motor nerves reach the cerebral peduncle and optic thalamus 
through the pons. To their paralysis and its secondary consequences ii 
due the death oE the animals in section of the pons, despite the disappear- 
ance of all the other disorders which were due to the lesion. 

Tranaverae section across the longitudinal fibres of the pons (in the 
most anterior portions, in front of the origin of the trigeminal nerve) pro- 
duces, according to Schiff, deviation of the anterior limbs (as in section of 
a cerebral peduncle) with extreme flexion of the body in a horizontal 
plane towards the opposite side and very imperfect movement of the pos- 
terior limb (on the other side). Rotation in a very smalt circle (not the 
mandge movements) develops in consequence of this paralysis. Both 
motor and sensory disturbances are produced in animals on account o£ 
the incomplete decussation of the fibres in the medulla oblongata, a fact 
which is at variance with that observed in man. According to Brown- 
S^quard (Lancet, I., 1871), excision or lesion of the pons, as well as of the 
cerebral or cerebellar peduncles, is followed by ecchymoses into the lungs 
&nd bronchi or even by considerable hemorrhages; certain isolated spots 
become aniemte from the vascular spasm. The vaso-motor nerves of the 
lungs do not pass through the pneumogastric nerves, but through the cer- 
vical portion of the spinal cord and the first thoracic ganglion of the 
sym pathetic. 

Among the morbid signs of tumors of the pons ive may first consider 
the motor disorders, since these are the most cliaract eristic. General con- 
vulsions are rarely observed as symptoms of motor irritation. They may 
be due to irritation of the surface which unites the inferior border of the 
pons to the superior border of the acoustic tubercle, and which represents 
Nothnagel's convulsive centre. Paralyses constitute a much more con- 
stant and important symptom. They appear both in the cranial and spinal 
nerves, and are generally characterized by the fact that the cranial nerves 
are paralyzed on the same side as the tumor and the spinal nerves upon 
the opposite side (alternate hemiplegia of Gubler). Unilateral affections 
of the pons are most frequently accompanied by paralysis of the facial, 
acoustic, oculo-motor communis, trigeminal and hypoglossal nerves, and 
by lesions of the optic nerve. Complete or incomplete hemiplegias, upon 
the side opposite the tumor, are the most frequent. They existed 12 
times in 2C cases collected by Ladame; paresis of one or the other upper 
limbs and symptoms of paraplegia are verv rare phenomena. The limbs 
were not paralyzed in a few cases, in whicifi the longitudinal fibres of the 
pons were undoubtedly unaffected by the tumor and had been pushed to 
one side. 

Man6ge movements do not make their appearance unless the lesion ex- 
tends to the middle cerebellar peduncle, which is connected with the 
transverse fibres of the pons. The movements of partial rotation are 
caused, according to Schiif, by a partial lesion of the most posterior of the 
transverse fibres, and which is followed, in animals, by rotation of the cer- 
vical vertebra (with the lateral part of the head directed downwards, the 
snout directed obliquely upwards and to the aide). Symptoms of a similar 
nature are also obaerved in man. Thus, in Peyrot's patient (cholestea- 
toma of the posterior portion of the pons and the posterior lobe of the cere- 
bellum), the head was affected by an irresistible rotatory movement. In 
a personal case, torsion of the neck, occurred with rotation of the head 
forwards and to the left. 
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Bid^inhly wBitkened, speealt woa nmntelligibla. the words oonftiBed and Indiatiadi Ei 
frequent apnttering, Uie pnpilg dilated, the giuse Axed and express! ouleas. Autopsy : 
The middle third of the anterior Begroent ol the pons, CBpeciaUy abore, as far as Uis 
lowM limit of the tegmentam, was of a graylBh color, partly ^latinona, portly firm. 
The netv-growth {coinponed of large oanceroug oetla with pro(«aBeB and bonds of ooii- 
neotiva tisane) bad proliferated into the internal portion of the oerebial pednnde as 
far OB the anterior portion of the optio tbalamiis. 

Paraplegia may also develop, either from the compresaion of the me- 
dulla obltingata or the secondary degeneration of the spiual cord (as in 
Lilys' case). This symptom has not been hitherto studied with sufficient 
care. In a personal case, which I shall report at a later period, weakness 
occurred first in the right and then in the left half of the body; the tu- 
mor of the pons had compressed the fourth ventricle and olivary bodies. 
Facial paralysis frequently occurs in tumors of the pons. In Ladame's 26 
cases, it occurred II times and always upon the same side as the tumor, 
while the paralysis of the limbs existed upon the opposite side (altertiaie 
hemiplegia). According to Brown- SSquard, when the lesion of the pons 
is situated in the centre above the decussation of the facial nerves, the 
facial paralysis occurs upon the same side as the hemiplegia; when the 
lesion is peripheral and below the decussation of the facial, the facial pa- 
ralysis is alternate with reference to the hemiplegia. It appears to me 
more reasonable to believe that if the compression takes place at the de- 
cussation of the fibres of the facial nerves, which occurs above the nucleus 
of origin, the facia! paralysis will be entirely alternate; but if the tumor 
compresses the roots of this nerve, its paralysis will occur upon the 
same side (I shall discuss the electrical reaction hereafter). When the 
lesion aSects the inferior nucleus of the facial, the alternate facial pa- 
ralysis will be only partial. 

1q an article upon the characteristic signs of tumors at the base of the 
brain (Wien. med. Halle, 1863, 6-9), I published the first observation in 
which facial paralysis, due to disease of the pons, was accompanied by 
diminution and, finally, by abolition of the farado-muscular eontraotility. 
Duchek has also described (Med, Jahrb. 1 H., 1865) a case of tumor of the 
pons, in which he observed diminution of electro -muscular contractility 
upon the paralyzed half of the face and body. My own observation in 
this regard deserves especial attention on account of the complications 
which were present. 

3. The patient, 38 years of age, complained of headache which had lasted five months, 
in the temporal and occipital regions, and upon which a dimiaation of motion and of 
the visual function gradually supervened. Upon examination the patient presented 
doable amauiosia (atrophy of the optic nerTes) ; both pupila are dilated. The face ia 
paralyKed npon the right side, the velum palati on the left side ia tbinaed, more ele- 
vated and, in tlie pronunciation of vowela, ia drawn npwarda moro atroogly than on 
the nght side. The ocular coojonctiva, nares, vanlb, and velum polati, the tonsila, 
inacouB membrane of the cheek, gums, tongne, and Qpper tsetb, are completely antes- 
thetic on the r^ht side ; the lower teeth and the floor of the mouth have preserved 
their normal aenaibility. The anaesthesia of the right cheek is bounded behind by a 
vertical line starting from the concha of the e-ar and extpods upon the scalp, forehead, 
and face, aa tm as Lhe lower jaw. Upon faradio exploration, the electro- muscular con- 
tractility is fonnd to be entirely abolished npon the paralyzed half of the laoa. The 
left lower and upper limbs are paretic. Taste and smell have disappeared upon the 
right side, but hearing and speech are preserved. In the next six months poralyais 
of the right external ocnlo-motor nerve and amaurosis ooourred. The left half of the 
body rerosined paretic, while complete hemiplegia appeared npon tie right side. Ia 
the last two weeka right pleurisy supervened, and the abolition of motion rapidly be- 

Autopay : A nodular tnmor, larger than a nut, was found upon the left half of the 
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pcmB whioli was partiall; flattened and corapreased : in the oentie it contained bandR of 
hard aonnecCive tisHne of a yellowiah i^olor, which disappenied totrords the softoned and 
reddish-gray peripheiy. The tnmoraJso extends apon the oerebeUai pedunde aa far aa 
the left cerebellar hemispliere whioh, together with the left olivar; body, baa suffered 
compression. The fomth ventriale ia compressed laterally. The trigeminal, faulat, 
fkod ooouHtio nerves are enclosed in a thiok lay at ol the oew-formed tissue. 

I have learned, liy more recent inveatigations, that the electrical 
phenomena which we have described in facial paralysis from tumors of 
tlie pons, should be rendered complete by the following considerations: 
to the losa of faradio excitability of the muscles and nerve-fibres of the 
face, ia added an increase of the gslvano-muscular contractility with dim- 
inution or losa of the galvanic excitability of the branches of the facial 
The foUovdng observation of a tumor of the pons ia especially interesting 
on account of these characteristic symptoms: 

S. In the be^nning of June, 1871, a woman, aged forty-flve years, entered the aer- 
vice of Dr. Scholz, She had snSered tor four years from' headaobe and vertigo and, 
for the past fooi months, from parolyais of the left cheek and of the limbs upon the 
tight edde of the body. Upon examinatloa I found complete ta^iial pnrolyHia upon 
the left side and an increase of the cutaneous sensibility to pbyaioal and electrioal 
irritants, with loss of farado-muscnlar contractility and of the excitability of the 
branches of the facial nerve. The galvano-niasoalar excitability ia notably inoroased 
(the right side gives no reaction to a slight onrrent), eapeciaUy to the descending cur- 
rent at the negative pole and upon interruption of the ouirent. There has been loss 
of hearing (the tympanum is normal) npon Che left aide since the beginning of the 
diaeaae (aocoiding to Politsei the labyrinth was disf^ased from compression of the 
acooBtio nerve). When the tongue waa protruded, it deviated to the right. 

The right eye is sensitive, the ocular conjunctiva strongly injected, the cornea is 
softened, the right limbs are paralyzed, with diminution of the electro-muscular con- 
traotility, and the electro-cutaneous sonsibility ia much weaker than on the left side. 
In order to distingniah the points of the leatheaiometer apart, they must be separated, 
on the palm of the left hand, to 11.2 mm.; on the right hand, to 38.3 ; on the left fore- 
arm, to 43,6 ; on the right forearm, to SI. 3 ; on the left leg, to 41.7 ; on the right leg, 
to 59.S. Theae phenomena persisted unchanged during a stay of three weeks in the 
hoapitaL Towards the end of the mouth the patient returned to her relatives. Boer- 
winkel has lately published (Arch. f. klin. Med., XII. Bd., 1874) a case of tumor ol 
the pons, in which electrical exploration npon the aide of the facial paralysis gave sim- 
ilar resolts. 

When the tumors of the pons extend to the middle cerebellar pedun- 
I cles a deviation of the cervical vertebne ia observed in man, similar to 
ihat noted in the above-mentioned experiments ot Schiff. When the 
fifth pair of nerves are subjected to prolonged compression, ophthalmia 
occurs from lesion of the trigeminus, as in the cases which I have pub- 
lished above and which presented the symptoms of an affection of the pons 
and adjacent structures, 

4. An nssistaut snrgeon, thirty- four years of age, presented, upon admiasion, pa- 
ralysis of the right limbs (which had lasted eight months) and left facial paralysis. 
Later, paralysis aud anEosthesia also occurred in the domain of the left trigeminus, 
external oculo-motor and acountio nerves. The left eye could not be rotated out- 
wards past the vertical line, the left upper lid remained open. The maaseter and 
temporal mnaolea were also paralvscd, hearing and smell weakened on the left side, 
I and taste upon the left half of the tongue. A bucuiug sensation was felt at timet 
I upon the anaistfaetio portions of Cba obeek ; speeoh is stuttering; the head ia alwaya 
I diraoted to the left and forwards. Contractioua and p^ns occur from time to time itt 
the right limbs. About four days before death inflammntioa and tumefaction of the 
left conjunctiva oocurred. wiih an abundant purulent secretion. Upon tJie foUow- 
ivg day the cornea wua of n dull white color and beoamo more and more opaque. It 
aaaumed a, cadaverous appearance, became oompletely opaque and diiSuent and final]; 
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■oftened and ulcerated, allowing ttiB OTTttallme leni and aqoeotit hDmoi to O aot.'pu. 
Upon the antopiT a tumor aa large as a walnut waa (oond upon the left balf of Uia 
poos TaroIU and tbe left oerebellar pedonole. 

The pans is often Beoondarily affected by the exteDsion of growths 
which have developed in adjacent portions of the brain; the symptoms 
are then complex. Thus, in an observation by Same (Gaz. des Hopit., 
196, 1809) a child, four years old, who suffered from epileptiform convul- 
sions, presented, as the first morbid symptoms, disturbancos of speech 
and paralysis of the left ocuto-motor followed by paralysis of the left side 
of the face and of the right limbs. Towards the close of life the child 
suffered from disturbances of deglutition and from paralysis of the right 
oculo-motor nerve. Upon the autopsy a cheesy tubercle, the size of a 
walnut, was found upon the pons varolii, occupying the entire left side 
and a portion of the right, and extending in front across the left pe- 
duncle and as far as the centre of the right peduncle. 

Finally, we must mention paralyses of the ocular and tongue musoleB 
among the motor disturbances in pons tumors. 

With regard to the first we are of Larcher's opinion (Essai surla path. 
de la protub^r. annulaire. thfiso, Paris, 1869), according to whom the di- 
verging strabismus, which occurs in rare cases, is due to an extension of 
the lesion to the cerebral peduncle, while the eon verging strabismus (paral- 
ysis of external oculo-motorj is much more frequently caused by tumors 
of the pons itself. The disorders of speech, frequently mentioned by 
Ladame, Da Venezia and Laroher, generally affect the articulation of 
words. The lesion of speech is of a motor nature from compression of 
the roots of the hypoglossal nerve, and must not be mistaken for aphasia 
Leyden designates, by the term anarthria, those disturbances in the artic- 
ulation of words which follow a lesion of one of the motor centres situated 
below the tubercula quadrigemina {pons varolii and oUvary bodies). Ac- 
cording to Leyden and Meissner the voice is retained for a long time in 
birds, even after extirpation of the ganglia of the brain and base. 

Sensory disturbances exist, according to Ladame, in about one-third of 
the cases. On careful examination they will undoubtedly be found even 
more frequent. The larger proportion of the sensory disorders are man- 
ifested upon the side of the body opposite the seat of the tumor. I have 
observed, in this particular, a characteristic phenomena which has not been 
previously described, Aa may be seen in the third observation of tumora 
of the pons, which I have reported on page 137, in addition to the alternate 
motor paralysis, crossed sensory disturbances also occurred (hyperesthesia 
of the left cheek, anassthesia of the right (paralyaedl limbs), I had pre- 
viously reported this characteristic symptom (Traite d'^lectrothfirapie, 3* 
Wition, 1872) and Meynert confirmed the observation (Sitzber, d. W. 
G-esells. d. Aerzte, Jan. 31, 1873) iu a case of encephalitis of the pons and 
of the right middle cerebellar peduncle, The alternation of the sensory 
paralyses depends, according to Meynert, upon a lesion of the root of the 
fifth pair in its central course which, before its decussation, passes 
through the pons and medulla oblongata. The posterior spinal columns, 
however, are directed upwards SiCross the posterior portion of the pons and 
participate in the decussation in the pyramids. In my fourth observation 
crossed sensory disturbances were also present with alternate motor paral- 
In the exceptional instances in which the amesthesia occurs upon 
me side as the tumor, the latter, as Ladame has already remarked, 
has compressed the medulla oblongata; in other oases the tumor haa di« 
rectly compressed the trigeminus. 
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Tbe mentii.! faciiltiea are very often impaired in tumors of the pons 
(about one-half the casta according to Ladame). The symptoms most fre- 
quently observed are loss of memory, apathy, and stupor, which are usu- 
ally due to cerebral compression. Cephalalgia is very frequent, but its 
position varies a great deal and is of slight value in localization, being 
sometimes limited to the frontal or occipital regions and sometimes gen- 
eral and diffused. Disturbances of deglutition and vomiting are fre- 
quently observed among the later phenomena due to tumors in this region. 

We may summarize the most important and striking symptoms of tu- 
mors of the pons varolii, as follows: absence of convulsions, crossed paral- 
ysis of motion, often also of sensation; frequent abolitioa of the farado- 
muscular contractility and increase of the galvano-muscular reaction, with 
complete unilateral facial paralysis; disorders of the special senses (espe- 
cially amblyopia or amaurosis), difficulty in the articuUtion of speech, fre- 
quent dysphagia, converging strabismus. 

n. — T0MOES OF THE Cersbellab Peduncles, 

The cerebellar peduncles maintain intimate anatomical relations with 
the pons and cerebellum. The fibres of the middle cerebellar peduncle 
surround the pons in a transverse direction and, upon the sides of the 
latter, they are directed upwards, decussating, in greatest part, towards 
the inferior layers of the lateral lobes of the cerebellum. It therefore fol- 
lows that lesions of the transverse fibres of the pons also act upon their 
continuation in the middle cerebellar peduncles, and that, on the other 
hand, degenerations of the cerebellum also cause lesions therein. 

SchifTs beautiful experiments have estabUshed, in a striking manner, 
the truth and importance of the relations which we have pointed out. If 
the middle cerebellar peduncles are incised at the side of the pons, the 
animals, when they attempt to walk, will perform a rotatory movement 
directed towards the side of the lesion. The paralysis is therefore on the 
opposite side and its action is crossed. If the incision is made laterally 
through the lobes of the cerebellum the animal will turn to the side op- 
posite the lesion. The paralysis is therefore upon the corresponding side, 
and the action is direct. This explains the apparent contradiction between 
the opinions of Magendie and Hertwig, on the one hand, and Longet and 
Laffargue 00 the other, with regard to the direction of the rotation. 

Very recently Curschmann (KHn. u. Exper. z. Path, d. Kleinh., Sohen- 
kel, D. Arch, f, kl. Med., XH. Bd,, 1873), by incision of the parts which 
nnite the two cerebellar peduncles between the acoustic nucleus and the 
hemisphere of the cerebellum, has caused the production, not of a forced 
rotation, but of a forced lateral decubitus in such a manner that the ani- 
mal fell upon the injured side and maintained this position until death, 
■which occurred in a few hours, It resumed the same attitude when 

£ laced upon the other side or in any other untrammelled position. But in 
isions of the acoustic prominence the animal always presented very 
i marked rotatory movements around the vert'cal axis, from the sound side 
I toward the side of the lesion, with coexisting deviation of the eyes. The 
B eye upon the side of the lesion was directed downwards and forwards, 
^ that on the other side, backwards and upwards. 

Ifca 
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OarMbmniiD obtained an autopsy apon a femala phthiaical patient, 30 70BT8 old, who 
fcad suHeTFid from prolonged headaches, vertigo, and conTuUionn. She nlways lay 
lq»on tbe left aide, with atrung rotation of the head to the right and forwardx, and 
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uBBumed this attltade u soon at shs oeaaed to oiecnte other movementiL A. tcytx tA 
■□fteDing, due lo baailu tDbercular meiiiiiiptiB. wan foiuid in the right oerebellu p»- 
doncle at tlia junotiDu of the Baperioc sod middle pednncJeH. 

Physiological experiments serve to confirm these pathological observft- 
tioDB. Tfie movements of niancgi^, or the rotation around an axis, are 
shown in a characteristic manner in many cases. We do not know at 
present whether these motor impulses are due to defective consciousnesa 
(orientation) of the body with regard to its relations to surrounding ob- 
jects or, as I incline to believe, to involuntary muscular contractions 
caused by lesions of certain central organs (as in the experiments which 
we have mentioned above). I have reported in detail, under tumors ot 
the pons, a personal observation of partial rotation around the vertical 
axis with deviation of the head to the left (tumor of the right half of the 
pons, extending to the left cerebellar peduncle), I do not think it will 
be superfluous to add some cases drawn from the older literature as well 
as from more recent works, in order to obtain the most striking symptoms 
of the disease now under consideration. 

Friedberg has published an interesting study in Wagner's Arch, f, 
Heilkunde (ni J.,p.385— 432), upon thesemeiotic importance of involuntary 
movemeiits of manege and involuntary rotation around the vertical axis o£ 
the body. We shall here describe the moat important observations con- 
tained in this work. 

AmoDg these cases (which include tumoTS, hemoirhi^ti, end spots of softening') 
Hie some in which the i-otetion occurred from the Eide on which the leainti was sitQ- 
atod toWQtda the opposite aide. Thus, in Serrefl' coae (rototion from right to left 
around the vertical axis cf the hod;, followed later hy an attack of apoplex; and left 
hemiplegia) a cavity filled with blood-clots, with aigns of cerebral softeuicg. was found 
nt the point ot peuetiation of the middle cerehelliti peduncle iutc the right oerebellai 
hoQiiephere. Belbommo'e patient had lost eonsclouaneBS, squatted down and turned 
rapidly aroond the vertical axis of the body (moat frequently from left to right). Upon 
autopsy two depiessions were found upon lihe two middle oerebellai peduncles. These 
depressiona (more marked on the left aide) were caused by two exoHtosea growing from 
the ridge of the sella turoica. A boy 4i years old, obaerved by Minohin, had suffered 
at Qrst from headache, periodical convnlsiotui. diaoideis of deglutition and xeapiiation ; 
be was then a&ect^'d with Totutor; movements from left to right around the vertical 
axis of the body, and finally became bemiplegic on the right aide. In this cose (aa in 
the following one of Friedberg) the rotation occurred first in the cervical, then in the 
dorsal, and finally in the lumbar vertebne. A tubercle, as large as an almond, was 
found at the base of the left cerebellar hemisphere, ineeited into the enrface, wiQi 
softening of the adjacent parts, probably as for as the cerebellar peduncles. Friedbeig'* 
patient had received a blow upon the anterior part of the head, caueing a fractnie with 
depreasion of the right parietal bone and Rubsequent meningitis. After the meningitu 
had subsided, movements of manage (forming a circle with the convexity directed to- 
wards the right) appeared in paroxysms, followed at a later period by rotntoiy move- 
ments from left to right around the vertical axis, and by polyuria and gl3-coauria. 
Antopay : The dura matei, softened and diacoloied, was driven against the left Inferior 
lobe of the cerebellum by a fragment of necrosed bone from the internal table of tba 
occipital bone. Opposite thia point the left cerebellar arachnoid was opaque, the pia 
mater strongly injected, and between the two a tbin layer of fibrinous exudation. 
The injection of the pia matei extended olao to the left cetebellai peduncle, espeoiallj 
to its internal part 

In Krieg'a cose rotatoiy moveraentfl occoned from left to right; at the autopsy a 
hoimoTihagic extravasation was found in the cortical substance of the right cerebeUat 
hemiaphere, Ountorff's patient anSered, after a fall, from several attacks of oiroa- 
lai raovementH, with violent paroxysms of vertigo. A fibrous cyst, as large as a hen's 
egg, was found in the left cerebellar hemisphere ; the ojst contained a small quan- 
tity of fluid and a bluish'blaok body, as large as a nut, infiltiated with blood and of a 
brawny couaistenoe. 
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In other cases observed by Petit, Serrea, and Weidlet, lesions of the 
lereboUiir peduncles and cerebellum were noted althoujrh rotation of the 
body around a vertical axis did not ooour during life, Friedreich's patient 
Buffered from violent pains in the left eye and from left facial neuralgia; 
in addition, he had right hemiplegia, weakness of sight and audition on 
the left side, with purulent ophthalmia. Upon autopsy a tumor as large 
aa a hazel-nut was found in the left cerebellar peduncle. In an observa- 
tion which I have published (Wien. med. Halle, 1863, 1863), the patient, 
who had suffered for several years from headache and frequent attacks 
of vomiting, was seized with left hemiplegia, facial paralysis, amblyopia 
and paresis of the external rectus upon the same aide; the motility of 
the limbs and sight were less altered upon the right side. Loss of speech 
(with preservation of intelligence) occurred from time to time, lasting 
two or three days, and the patient remained in this condition until death, 
sometimes deprived of speech, sometimes barely able to stammer a few 
'words. A tumor as large as a walnut (with softening of adjacent parts) 
was found in the left middle cerebellar peduncle; the optic nerves were 
compressed, flattened and hard. 

Among- the observaMom made in modem Utetatoce we may mention a case re- 
ported by Vigla (G!as. d. Hop., 73, 18B0), in which the patient was affected with vio- 
lanti frontal heailacshe, loss of sight (shining spots apon the fondna of the left eye) and 
o( hearing ; the head was directed bflckwiuda on nocount of oontraotare ot the neclc. 
"While walking, Lavoluntaiy roovements ocoiured which <vere directed backwards and 
to the left. Autopsy ; a hard tnmor, the size of a walnnt, was fonnd upon the inferior 
surface ot the right cerebellar hemisphere, towards its inner part ; upon the right side 
atrophy wnn noticeable io the cerebellar peduncles, olivary bodies, pyramida. seventh and 
eighth pairs of nerves, and in the chiasm and right hnlt of the taberoulaqaadcigemina, 
wbieh were of a yellowish color ; atrophy of the left optic nerve was also observed. 

Bilot's ease (Correspondenzbl. f. Psych.. 3-4, 18f)7) was characteriied by violent; 
occipital headache and deviation of the left labial commiasare. The left eye could 
only be half opened, the head was inclined to the left and forwards and, while walk- 
ing, the body was markedly inoiined to the right (with a feeling of osaillktion). At a 
later period disturbances of respiration and hypenesthesia (especially in the right 
limbs) oocurced. Antopsy : the cerebellnm was increased in volnme. especially upon 
the left side, and contained a tubercle Sve centimetres long ; the cerebellar peduncles, 
and mednlla oblongata were pushed to the right and flattened ; on the left side the 
olivary bodies and roots of the pneuint^astric nerve were atrophied. 

In Krausa'a patient, who waa four years of ago (Allg. med. Centralzeit. , Sept., 1867), 
uncertainty of the gait waa notioed from the beginning, wlt^ weakness and tremor ol 
the left limba The later symptoms were inability to walk, involuntary mieturition, 
Btrabismns and amanroeia Antopsy ; a tumor, as large as a hen's egg, was situated 
at the base of the brain, occupying the position of the two halves of the pons, the 
oerebellar pedunctea and the cerebellum, especially on the leftside, partly destroying the 
vermis inferior and the middle cecebcUar peduncles, filling the floor of the fourth 
ventricle without affecting ita wolLi, and strongly oompresslng also the posterior por- 
tion ot the chiasm. 

A boy, three years old, was placed under my care, presenting an abnormal derelop- 
nenC of the anterior portion of the bead and weakness of intellect ; he did not speak, 
and suffered from periodical spasms of the extensor muscles. The head was con- 
stantly turned towards the left and forwards ; the gait was unsteady and skippine', and 
associated with a tendency to (all upon the left side. When the child stands upright 
he turns two or three times around the vertical axis of the body. I diagnosed a 
tumor of the cerebellar pednncle with coexisting ventrioular hydrooephalus. 

The variations which have been observed, in different cases, with re- 
g^d to the direction of the rotation, may be due, if we may judge from 
the above-mentioned experiments of Schiff, to localization of the disease 
of the cerebellar peduncles either within the region of the pons or that of 
the cerebellum. In accordance with Cursohmaon's experiments w« 
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is belonging to this cate^iy, examine tlie cez«- 
r appeiKiages witli great care, and ehoulil not 

8 of tlie acoustic prominence (acoustic nucleus). It still 
i for U9 to dispose of the theory that the rare examples of anoma- 
ivements, which we have passed in review, are due to diseases ol 
1 itself. Magetidie and Schiffs experiments have showu 
that these peculiar moremetits are not observed in lesions of the cerebel- 
lum unless the middle cerebellar peduncles are involved at the same time. 
Clinical observations also support this view. In Gsvarret's and Bel- 
bomme's cases mention is only made of a lesion of the peduncles of the 
pons. In Curschmann's recent observation, quoted above, the left cere- 
bellar peduncle was alone affected, the cerebellum and peduncles of the 
pons being intact. In Serres', GuatorS's and Friedberg's patients the 
peduncles of the pons were affected in addition to the cerebellum. It is 
true that in Minonin's and Krieg'a published cases mention is only made 
of cerebellar lesions; but in these cases the middle cerebellar peduncles 
were not examined. Thus, physiological research, as well as pathologi- 
cal observation, prove that affections of the cerebellar peduncles are the 
principal cause of the motor disturbances under consideration. 

Prom the preceding observations it appears that the most frequent 
signs of tumors of the cerebellar peduncles are as follows; headache, ver- 
tigo, disorders of the special senses, hemiplegia, unsteady gait with a ten- 
dency to fall upon the side, and partial rotation around a vertical axis, 
with lateral rotation of the head. The symptoms which are especially 
characteristic are: involuntary movements of manfige or involuntary ro- 
tation around the vertical axis of the body. 
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1, of late years, occupied the attention 
i well as of pathologists, and a lai^ 



The study of the cerebellum h 
of anatomists and physiologists, 

number of observations are presented to our consideration. Recent his- 
tological researches have demonstrated that the cerebellar cortex is in 
crossed communication by mean? of the superior cerebellar peduncles, with 
the cortex of the brain (especi.ally with the corona radiata). The middle 
cerebellar peduncle contains fibres which pass out from the cerebral ganglia 
through the cerebral peduncle {centrifugal fibres), in addition to commissu- 
ral fibres between the two halves of the cerebellum. The inferior oerebellar 
peduncle originates from the motor and sensory portions of the restiform 
body, A portion of the posterior spinal column also originates in the 
cerebellum. Finally, the inferior cerebellar peduncle is connected with the 
acoustic nerve (which terminates in the cerebellum) and with the optic 

With regard to the physiological functions of the cerebellum, we know 
since the time of Flourens, Carpenter, etc., that the organ plays an un- 
doubted part in co-ordination of movements. While a bird, which has 
been deprived of one of the cerebral hemispheres, performs coordinated 
movements when it is pinched or when it attempts to escape, the animals, 
from whom the cerebullum has been removed, have an uncertain, waver- 
ing gait and often make missteps or stamping movements. Schiff attrib- 
utes these movements to a paralysis of the vertebral column, which is, 
however, said to result from lesion of the cerebellar peduncles. Accord- 
ing to Leven and Ollivier, isolated lesions of the cerebellum ir 
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produce rotatory movements, general rauscular weakness, BtrabismuB, and 
floraetimes incomplete hemiplegia. The animals, however, always recover 
at the end of one or two weeks. Lesions of the eerebellum and medulla 
oblongata, in addition to the preceding symptoms, ouuse the animal to fall 
and give rise to involuntary evacuations of urine and ftcccs, spasms, dis- 
orders of deglutition and respiration; death always occurs at the end of 
one or two days. According to Lusaana the cerebellum is the centre of 
the musi^ular sense and, for this reason, lesions of the organ cause interfer- 
ence with the precision of movements. Despite the diversity of opinions 
upon the functions of the cerebellum it is evident that cerebellar lesions 
produce marked disturbances of co-ordination. These disturbances may 
vary greatly, according to the depth to which the lesion has involved the 
hemispheres and vermis, and also according to the portion of the posterioi 
columns or of the fibres of the cerebellar peduncles, which has been 
affected. In a case of absence of the cerebellum, observed by Cruveilhier 
(Anat, pathol,. Vol. I., liv. XV., p. 5), the patient suffered from weakness 
of the limbs, was unable to utter any sounds, and presented a high degree 
of imbecility, although the functions of special sense were preserved. 
Lussana's patient (atrophy of the cerebellum) presented an alteration of 
the muscular sense (Mi manca la terra Botto i piedi). The symptoms 
mentioned by other observers, such as hemiplegia or paraplegia, partial 
paralyses, and various anomalies in the movements of locomotion, indicate 
the frequent occurrence of compUcationa in the appendages of the cere- 
bellum. . 

Among the morbid symptoms of cerebellar tumors we may mention, 
in the first rank, cephalalgia, which, according to Leven and Ollivier and 
also according to Ladame, is most frequently situated in the occipital re- 
gion, and is said by Friedreich to be increased by pressure upon the neck 
The majority of authors coincide in the statement that the psychical func- 
tions and faculty of speech are only rarely afEeotod. The most frequeni 
and constant symptoms consist in disturbances of motion. According to 
the authors above mentioned, irritative motor symptoms are very frequently 
observed. These consist of general convulsions, which Lussana attributes 
to a coexisting lesion in the pons or spinal cord, but which Brown-S^quard 
considers to be due to lesions of the substance of the cerebellum.' As 
symptoms of depression we may mention general muscular weakness, 
oscillations and uncertainty in walking, partial tremois of the limbs and 
paralyses, which vary in form and intensity. In addition to general mus- 
cular weakness we very often observe, according to Leven and Ollivier, 
limited paralyses (especially hemiplegia on the side opposite to the cere- 
bellar lesion); paraplegia is rare. Movements of rotation and movements 
of manCge werepresent in one-third of the cases collected by Leven and 
Ollivier. They are most frequently incomplete, and consist in torsion of 
the trunk, involuntary lateral inclination or in turning the head back- 
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age (the history of the affection was not reported^. Considerable degen- 
eration, in a. longitudinal direction, was observed m the posterior colunuu 
and the posterior roots; the author did not consider the degeneration 
secondary to the cerebral lesion. In a c&se recently published by Eisen- 
scbnitz (Jahrb. t. Kinderheilkunde) a girl, eight years old, waa affected 
■with double amaurosis, frequent epileptiform attacks, oscillation during 
Twalkiog (movements intact during the recumbent position) and frequent 
masturbation. Upon autopsy a soft, friable tumor, as large as an egg, 
was found in the right anterior cerebral hemisphere, resting aguinst the 
falx cerebri; in addition, the cortical substance of the left cerebellar hetnl' 
sphere, in a layer about one millimetre in thickness, was completely trans- 
formed into a hard, friable maas of a greenish-yellow color, with blood-red 
spots upon cut section. 

In tha Tienna General Hospital I observed a patfent. fortf-eiglit ;eBts of age, who, 
after enSering pmviousl; from hHadactie, wasauddenl}' seiEed, aboot twent; months be- 
fore admisaioD, w ith inabilitj to walk and with loss of speech ( without dieiurbances of tb« 
special Geases) ; the pcevious health had been good. Upon exajninBtion I found : ptosis 
and paresis of the lower muscles of the face on the leCt side, speeeb stutteriag, the 
tongue dsviated to tha left, and moved with difficulty, disorders of deglutition, and 
frequent regurgitation of soHda and liquids. The upper limbs were paralyzed and an- 
eestliedc. the lower were merely paretic, their seusibilit; being only slightly changed. 
Miotnrition and defecation were performed in voluntarily. The patient fell into mora 
and more profound apathy and died at the end of two weeks, with very rapidly devel- 
oping bed-sores, high fever, and ojanosis of the fnoe. Autopsy : The base of tbe right 
cerebellar hemisphere, with the exception of the flocculus, internal portion of the tonsil 
and the semi-lnoar lobe, woe replaceil by a tumor as large ag an apple, rough, hard, and 
giving exit to a little Said upon section. It waa of a uniform white color, wiih soroe 
spots of a dull yellow hue. Tlie tumor penetrated the inner moninges at a spot hardly 
as Ivge as a hazel-nut, and adhered closely to the dura mater at tiie anterior border 
of the foramen mafnium. Chronic hydrocephalus, old tubercles at the apei of the 
light lung, and the lesions of Bright's disease in the left kidney, were also present. 

Paralysis of the facial, oculo-motor, and hypoglossal nerves occurred in 
this case, in addition to the progressive paralysis of sensation and motion 
in the limbs. The peculiar character of the paralyses was perhaps dtie to 
the gradual compression of the cervical portion of the spinal cord. Among 
the Special senses, sight and hearing were most frequently affected. The 
blindness (with final atrophy of the optic nerves, Gslezowski) is due to the 
extension of inflammation to the optic track and geniculate bodies. The 
deafness is produced by the compression exercised by the tumor upon the 
acoustic nerve or by a lesion of the nucleus of this nerve. In a case re- 
ported by Gaston Sieffert (tubercle of the right cerebellar hemisphere) he 
was able to detect, with the ophthalmoscope, the presence of tubercular 

Sanulations in the right choroid. In the cases published by Edes (Boston 
ed. Journ., 1863) and by Tilling (St. Petersb. Zeit., 1872), the following 
symptoms were observed: oeuro-rotinitiawith retinal hemorrhages, nystag- 
mus and paralyses, some of which were direct, the others crossed with 
regard to the cerebellar lesion, on account of the compression of the me- 
dulla oblongata by the tumor. 

The disorders of deglutition, the acceleration of the pidse, and the res- 
piratory disturbances which occur in cerebellar tumors, must be attributed 
to a paralysis of the functions of tha medulla oblongata. The irritation 
of the genital organs, noticed in some cases, proceeds, according to Lon- 
get, not from the cerebellum but from the subjacent medulla oblongata. 

Finally, we may state, with regard to the differential diagnosis, that 
cerebellar affections are distinguished from ataxia by the frequent head- 
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Kches (usually in the occipital region), by convulsions and by motor dis 
orders which, with a little care, can be readily differentiated. The latter, 
according to Cyon, are caused by the vertigo. The patient experiences a 
sensation as if objects were revolving around iiim and lacks a point of 
support upon the ground. The ataxic, however, who is unable to stand 
on hia feet, is free from all fear of falling when he is supported or is in 
the recumbent posture. In experiments upon animals, the motor distur- 
bances only make their appearance when the cerebellar hemispheres and 
the vermis are excised to a certain depth, or when the portions that origi- 
nate in the cerebellar peduncles are removed in great part. According 
to Sehiil and Valentin these lesions cause weakness of the muscles of the 
vertebral column. 

I am of the opinion that, in cerebellar affections, the central action, 
which presides over the fixation of the vertebral column and over the co- 




' ordination of the movements of the trunk, is interfered with and that 
this gives rise to oscillations of the trunk sufficiently marked to disturb 
the sensation of equilibrium and to cause vertigo, swaying and uncer- 
tainty of gait. In a more advanced degree, the vertical position and all 

' movements of locomotion are affected. The movements of manc'jje are 
caused, according to Immermann, by a predominance of the disorders oC 
innervation upon one half of the trunk. 

The differentiation between cerebellar diseases and sclerosis ot the pos- 
terior columns is made by the ensemble of the following symptoms: in 
cerebell&r affections, hemiplegic symptoms are very common, the para- 
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plegio forms are rare; movements of maudge or of rotation (usually in- 
complete) occur; there are no disorders of coordination properly speakings 
and no bilateral shooting pains; cutaneous hyperaesthesia is frequent^ 
observed; there are no symptoms of irritation or weakness of the ^nit&i 
functions and, finally, no anomalies of galvanic excitability. 

We may summarize the principal signs of cerebellar tumors as follows: 
occipital headache, convulsions of an epileptiform character, oscillations^ 
uncertainty of gait, intense vertigo, indications of rotatory movements, am- 
blyopia or amaurosis, convergent strabismus, absence of psychical disorderSb 
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CHAPTER XIL 



EliTCTSTBD parasites of the brain have only been known to physiciaDS 
during the past century. Rendtorf {De hydatitid cerebr. turn. Berol., 
1S22) and Aran (Arch, gun., Sept., 1841) first gave an exact description 
of hydatids in the human brain. As a complement tothe study of tumors 
developing in different regions of the brain, we shall now examine from 
an anatomical and clInicaT point of view, the animal parasites which occur 
in the crania! cavity, viz., the cysticercus (cyeticercua cellulose) which is 
the more frequent, and the echinococcus (echinococcus faominis) which is 
of much rarer o 
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a. Cyaticermta of the brain (cysticercus cbIIvIoscb). 

The oystioerci of the brain, which develop after the introduction o. 
their embiyons (ova of tfenta), are observed both in the meninges and in the 
cerebral parenchyma. In general thoy are found lodged in the depth of 
the tissues and, exceptionally, in a free state. Among SS cases, Kuechen- 
meister (Zeitschr. f. prakc. Heilk. 3.27, 186G) found the vesicles free in 
only nine, of which five occurred in the ventricles. The cysticerci were 
found in the meninges (especially in the pia mater) 23 times; upon the 
surface of the cerebral hemispheres, 59 times; in tlie white substance of 
the brain, 19 times; in the corpus striatntn, optic thalamus, and adjacent 
commissures, 33 times; in the ventricles, IS times (more frequently in the 
right lateral ventricle]; in the cerebellum, 18 times; in the pons varolii, 
4 times; in the medulla oblongata, twice. 

According to Kuechenmeister and Ferber, the cerebral ventricles pre- 
sent the most favorable soil for the development of the cysticerci, and 
vesicles an inch in diameter or even as largo as a pigeon's or hen's egg, 
»re found in this position. They very rarely extend from one ventricle to 
the other, nor do several large vesicles occur in juxtaposition. The space 
between the meninges and the convolutions also appears favorable to the 
development of the parasites; the white substance of the brain yields, in 
this respect, to the cortical portions. 

It is a peculiar anatomical fact that the parts which are rich in vessels, 
such as the ventricles, the ganglia and their commissures, the pia mater 
and the cortical substance, are the favorite site of the cysticerci. This 
fact appears to indicate, in my opinion, that the ova of these parasites, in- 
troduced into the digestive tract from vfithout, are carried into the brain 
by the current of blood and deposited, by preference, in those regions 
which are richest in vessels. But, a certian number of the parasites may 
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pass thnsngh the walla of the vessels and, by followini* the meshes of tho 
connective tissue, reach othiir portions of the brain or oven other soft por- 
tions of the economy. Among 88 oases of oerebral jiarasitea collected by 
Kuechennieister, the cysticerci were found eleven times In other portioni 
of the body. 

The cerebral cysticercus is usually inclosed in a very soft spherical 
envelope in which the animal is seen, with the naked eye, as a small 
white tubercle. Under the microscope, the neck of the parasite becomes 
visible with the circle of characteristic hooks, curved inwardly. The cere- 
bral tissue around the cystioercus is usually unchanged. Sometimes 
the meninges, at the point of insertion of the cyst, are merely affected to 
a slight extent or the adjacent cerebral parenchyma presents slight grades 
of pallor, oadema, atrophy, softening, ecchymoses or hemorrhagic extra- 
vasations. In rare oases a firm capsule is present, with inHammatorr 
thickening of the surrounding tissue. In the exceptional cases in whicli 
the cerebral ventricles contain free veaiclaa, the cavity is enlarged, the 
ependyma thickened and the adjacent cavities contain an accumulation of 
serum. In animals the vesicle is found shrivelled after death, its walla 
and contents opaque and granular, and the whole reduced to a pasty mass. 
In order to distinguish these masses from similar calcareous concretions 
following encysted cerebral abscesses and tubercular or syphilitic produc- 
tions, we must be able to discern the characteristic hooks under the micro- 
scope. Thus, in Westphal's case (Berl. klin. Wschr., 43, 1865), Coha- 
heim found the remains of cysticerci in a calcareous mass of the fonrtb 
ventricle and, in addition, the headless ampullos of cysticerci were pres- 
ent at the base, in the two fissurcsof Sylvius, iu the pons, upon the sides 
of the medulla oblongata, between the origins of the nerves aud on the 
cord, especially upon the cauda equina. 

The cerebral cysticercus occurs very frequently in certain localities 
and rarely in others. These variations depend upon the importance at- 
tached to hog-breeding in different countries. According to Cobbold 
and Manning {Med. Times, Jan. -Feb., 1871), it occurs with greatest fre- 
quency in those localities in which cows pasture in fields which are strewn 
with the excrement of men and animals who live in cities. Cerebral 
parasites are usually found in individuals belonging to the lower and 
dirtier classes of society, and men are much more liable to infection than 
women. Kuechenmeister states that cysticerci are rarely observed in the 
first ten years of life ; the greatest frequency occurs from twenty to sixty 
years. According to Graefe (Arch., 13 Bd., 18G6, oral communication 
from Virchow) cerebral cysticerci are found in Prussia in two per cent, of 
aU autopsies. 

The symptoms of cysticerci of the brain present great variations, ac- 
cording to the situation, size and number of the vesicles, and according to 
the extent to which they have affected the cerebral parenchyma. Tha 
coexistence of parasites in several portions of the brain complicates the 
symptoms, as in tumors. In quite a considerable number of cases they ara 
manifested by very alight symptoms and the cerebral cysticercus remains 
latent, especially in children. 

Among the frequent symptoms we may mention headache, vertigo, 
motor and psychical disturbances. Among the latter, the symptoms of 
irritation predominate in the beginning and often, also, for a certain 
length of time. Griesinger (Arch. d. Heilk., 5 H., 18G2) first called atten- 
tion to certain irritative phenomena on the part of motion and of tha 
psychical faculties. In Kuechenmeister's statistics, which include eighty- 
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eight cases, epilepsy was noted twenty-four times, siraplemiiscular spasms 
or convulsion a six times, mental diseases twenty -eight times. 

The epilepsy dua to the presence of cysticerci takes an unusually 
T&pid and precipitous course (in about half the cases, according to Grie- 
singer). The attacks, at first infrequent or subacute, become more and 
more trequent and severe, and lead to death, after having finally cause'", 
grave cerebral symptoms, delirium, drowsiness and prostration of the 
vital powers. The epilepsy caused by cysticerci is more fiequent in the 
male sex and occurs, according to Kuechenmeister, when the two hemi- 
Bpherea, the ventricles, pons, and medulla oblongata, have become involved. 
We must also mention certain irritative motor symptoms which occur in 
very rare instances. Thus, Choulant-Dommer (cysticerci of the vermis 
superior and middle lobe of cerebellum) and Griesinger (parasites in mid- 
dle cerebellar peduncle and cerebellum) have observed spasmodic rota- 
tory movements of the neck and head, with violent attacks ot vomiting. 

The mental disturbances, which develop in lesions of different parts 
of the cerebral cortex, appear under the form of delirium, maniacal at- 
tacks, illusions, and later as melancholy, somnolence, stupor and mental 
decay. A patient, forty-eight years of age, was received at the Vienna 
General Hospital, who, for ten years, had suffered from epilepsy, with 
very long intervals in which consciousness remained intact. During the 
■week preceding death, the epileptic attacks succeeded one another very 
rapidly (80 to 100 daily). At the autopsy, nearly sixty cysticerci, larger 
than a pea, were found in the cortex of the two cerebri^ hemispheres, and 
another foyer in the right corpus striatum. 

Paralyses of the limbs are rare symptoms in cysticerci of the brain. 
Among Kuechenmeister's eighty-eight oases, the crystieerci were situated 
seventeen times in the corpus striatum and anterior commissure, but well- 
marked hemiplegia was, nevertheless, observed only in three cases. Para- 
plegia appears exc.^ptionaliy and only in lesjons at the base. Paralyses of 
the muscles of the eyes and neck are also rare, but the sphincters are more 
frequently affected (nine times). From the preceding statements, it would 
appear that cysticerci of the brain usually separate the motor fibres with- 
out injuring them materially. The proof of this hypothesis should be 
sought for in future investigations, by minute examinations of the par- 
enchyma. The large vesicles may, however, interfere with the motor 
fibres either directly or indirectly. More or less complete paralyses may 
also be caused by circulatory disturbances, following epileptiform attacks. 
Sensory disturbances are rare and depend upon secondary changes in the 
sensory cerebral fibres. The blindness, observed in a few cases, is caused 
by the presence of parasites in the chiasm, pons or cerebellum. 

With regard to diagnosis, the probabilities, according to Griesinger, 
are in favor of cerebral cysticerci when, after previous headache, vertigo, 
vomiting and weakness of the limbs supervene, with paroxysms of mus- 
cular tremor and epileptiform attacks, especially when the latter occur 
towards the age of forty in previously healthy individuals, without any 
history of hereditary disease, traumatism, syphilis, or diseases of the 
large vessels. The epilepsy caused by cysticerci is at first subacute, as wa 
have already stated. It then runs a rapid course and the attacks increase 
in number and violence, especiallj' upon the approach of the fatal termi- 
nation. In Ferber's case (Arch. d. Heilk., 6 H,, 1863), despite the ab- 
sence of epilepsy, the diagnosis was made during life from the other symp- 
toms. If, after the above-mentioned prodromata, an alteration of the 
mental faculties supervenes with complex symptoms of depression (hear- 
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ing and sight enfeebled, photophobia, stmbism us, an omtLUes of the pupila, 
headache, vertigo, sumiiolence, unilateral paina ia the limbs, uncertain 
sait), we should euspect cysticcrci ol the brain, according to Griesinger, 
if we are able to exclude general paralysis of the iusane. 

Sometimes other data are present which render the diagnosis of cere- 
i.'al parasites probable; thus if we leani, for example, that the epilepti- 
form attacks and mental disturbauces iu question appeared in individuals 
who had previously suffered from tieiiia, if these symptoms appear in 
dealers in pork, butchers, etc., or if wo find that, in addition to these 
phenomena, vesicular masses appear under the skin or in the muscles (as 
m Bonhomme's and Tuongel-Ferber's patients) which may be excised and 
whose characteristic appearances may bo recognized under the micro- 
scope. 

In the majority of cases, the development of cerebral cysticerci termi- 
nates in death after frequent and violent convulsions, more rarely after 
the symptoms of paralytio insanity f Joire). Death may be due to apo- 
plexy, cedema, ventricular dropsy or mflammatory softening. In certain 
cases, the parasites perish in the brain without having produced any 
noteworthy symptoms, or the disorders which have been produced may 
then subside. But we are ignorant as to the causes of this fortuntae 
termination, and treatment does not possess the slightest efficacy in this 
direction. 

b. Echinococcus of the Brain. 

The echinococcus is rarely found in the cerebral parenchyma. Among 
363 cases of echinococcus collected by Davaine, tliis parasite was found 
twenty times in the bruin and sixteen times in Cobbold's 136 cases. 
Of forty observations collected by Morgan (Manchest. Med. and Surg. 
Rep., 1, 1S?0), the echinocodJus was situated ten times in the cerebnl 
lobes, eight times in the cerefleilum (but only twice in the cerebellum 
alone), four times in the ventricles, twice in the corpus caUosum, once 
in the pons, etc. Echinococcus cysts (contrary to cysticerci) attain 
large dimensions and not unfrequently grow to the size of a walnut or 
oranOT, In Morgan's case, the cyst, which was as large as a cocoanut, 
weighed 647 grammes. In Rendtorff's case (hydatids of the right hemi- 
sphere and of the lateral ventricle in a child of eightyeara),th6 total weight 
amounted to 1,050 grammes. The cysts attain their greatest volume in 
the cerebral hemispheres and in the lateral ventricles, especially in children, 
in whom the unossiGed skull yields more readily to internal pressure and 
in whom the cerebral parenchyma is better able to tolerate serious lesions. 
The hydatids are most frequently isolated but, in rare cases, several cysts 
or an agglomeration of hydatids are found in the brain. The cyst is com- 
posed of an external fibrous membrane, rich in blood-vessels, which eo- 
oloses the parasites, and of a second adjacent envelope, soft, amorphoua 
and transparent. Its internal surface contains groups of smalt nuclei or 
buds, as large as millet-seeds, each of which is provided with the oharao- 
teristic ring of hooks. The cerebral echinococcus, with its hooks and 
icoleces (immature ttenia) is very rare. The internal cavity of the c^st 
is usually filled with a liquid which is either clear or contains floating 
debris and secondary vesicles. These are called acep halo cysts, and theii 
buds are destitute of hooks. The externs ' elope is also sometimes 
wanting. Local reaction is manifested^ stion, inflammation, 
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softening' and atrophy of the adjacent parts, in consequence of tho crm- 
presaion to which they have been aubjected. More rarely, we find partial 
Bolerosea or hiemorrhages; but dropsy and dilatation of the ventricles, an- 
ECmia and flattening of the cerebral parenchyma or thinning of the cranial 
bones in children, are of much mora frequent occurrence. Sometimes, 
also, the eohinococci perish in tho brain, shrivel up and undergo caloare 
nus degeneration. 

The cerebral echinococcus in man is rare in certain countries, while in 
others, such aa Iceland and Australia, it is frequently met with, Tn thiaae 
countries the frequent transmission of the parasite to man is effected by 
the cattle and shepherd dogs. According to Morgan, the affection ia 
more frequent in men than in women. The echinococcus is rare in the 
first fifteen years of life, increases in frequency from fifteen to twenty- 
five years, and then again becomes less frequent. 

The symptoms of cerebral echinococcua are not generally character- 
istic. The moat constant symptom is headache; then follow vertigo, 
vomiting, tremors, epileptiform attacka (19 times in 40 cases, according 
to Morgan) and visual disorders (in 37 cases) under the form of optio 
Beuritis or white atrophy; intelligence is rarely affected. Two cases have 
been recently observed in which the echinococcus cysts made their way 
from the cranial cavity to the outside, and in which attention has been 
drawn to certain other signs. In Reeb's case (Recueil de m6m. de m6d. 
ot de chir. milit. 27, 1871) of a boy five years old, affected with chorea 
and atrophy of the optic nerves, a fluctuating tumor was found upon tlie 
left parietal bone, making its way through a fissure in this bone. At the 
autopsy, vesicles of echinococci were found in the two posterior lobes 
and in the ventricles; the parasites had destroyed the dura mater and were 
making their way outside of the cranial cavity, between the lambdoid and 
Bagittol sutures. A still more recent case is that described by Westphal 
(Berl. klin. Wschr. 18, 1873), in which a young man, twenty-seven years 
old, who had previously suffered from headaches, presented the following 
aymptoms; vomiting, photophobia, disturbances of aight (blindness and 
right exophthalmos), and later, paresis of the left side and projection oi 
the right parietal region. After temporary cedema of the eyelids and 
conjunctiva on the right side, two breaches were found in the bone of 
the frontal region, through which the tumors appeared. Upon incision 
more than fiO vesicles, varying from the size of a pea to that of the fist of 
an adult, with easilv recognizable buds and hooks, flowed through the 
opening and through the left nares. The case terminated in recovery. 

The diagnosis of intracerebral echinococci can only be made with a 
oertain degree of probability (as in cerebral cysticerci). 

When the hydatids are situated in the cranial cavity, Westphal states 
'Uiat the diagnosis must be made in accordance with the following 
oircumstancea: tumor-symptoms appearing and disappearing alternately, 
oedema of the eyelids, losses of substance in the bones, appearance of cir- 
oumscribed tumors, explorative puncture. The duration of the symptoms 
in the cases collected by Morgan averaged one and a half years. 

The disease nearly always tenninates in death. Complete recovery 
only occurred in Moulini^'s patient, fifteen years old {after trephining), in 
Fletcher's patient, twenty-three years old (after frontal incision), and in 
the above-mentioned case of Westphal, In a boy of ten years observed 

Bemcastls, very marked improvement occurred after a discharge of 

id from the ear. The treatment may be inferred from the foregoing 

facts. Morgan has had good results in sheep by the introduction of a 
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trocar through the ethmoid or through a soft part of the flknlL In ao- 
oordance with this he has proposed to trephine the skull in man and to 
puncture the brain with an exploring trocar. But on account of the 
slight degree of certainty to be attached to symptoms of cerebral echi- 
nococciy and of the almost absolute impossibiUty of recognizing its real 
situation even after palpating and percussing the preyiously shaven skull, 
it is only in very exceptional oases that we will be able to carry Morgan's 
suggestion into practice. 
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Thb diathetia affections of the brain, tuberculosis, carcinoma and 
syphilis, constitute the last chapter in our studies of cerebral disorders. 
With regard to syphilitic products, we might with propriety classify 
them among tumors on account of the similarity of their symptoms. 
But the large number of their peculiar characteristics and the more com- 
plete knowledge which we have obtained concerning them from recent 
researches, enable us to devote a special chapter to cerebral syphilis. 



a. Tuberctilosis of the Brain. 

We are already acquainted with the acute forms of tuberculosis of 
the cerebral meninges {pp. 21-26). We will now occupy ourselves with 
'' consideration of chronic tuberculosis of the brain and suirrounding 
parts. Tubercle of the brain is found both in the white and gray sub- 
stance, more frequently in the latter. It occurs in the form of spherical 
masses, as large as a grain of hemp-seed or a lentil, isolated or conglom- 
erate, and then attainmg the volume of a small walnut or even of a hen's 
egg. Cerebral tubercle, develops in various portions of the brain, in the 
cerebral hemispheres, motor ganglia, peduncles, pons, cerebellum and 
Bometimes in the choroid plexuses. The tubercular masses present a 
yellowish color and a consistence which is sometimes firm, sometimes 
cheesy. When they form large agglomerations, the tumors are rough, 
contain several layers, and are very vascular. Cerebral tubercles are 
formed of rounded cells, partly fatty and atrophied, contained in a delicate 
fibrous framework with nuclear proliferations in the vessels. 

At a more advanced period, the cerebral tubercle softens and disinte- 
grates. Several years after recovery has taken place, the tuberculous tu- 
mor, especially in chiJdrea, is found shrivelled, calcified, or of a doughy 
CXtnsistence and encysted. At times, the adjacent cerebral tissue presents 

noteworthy changes. But when the tumor develops rapidly, it gives 
rise to phenomena of irritation or compression such as hypertemia, small 
hsemorrhages, inflammatory degeneration or softening, or even atropiiy and 
partial sclerosis. The accumulation of serum in the dilated ventricles is 
Itlso a frequent complication. 

Chronic tuberculosis of the pia mater or tuberculosis of the bones of 
'the skull frequently coexists with cerebral tubercles. The fonner may 
exist as independent affections. Chronic tuberculosis of the pia mater is 
characterized by the presence of granular masses, varying from the size of 
ft poppy-seed to tliat of an almond, and isolated or collected in groups. 
They develop upon the pia mater of the cerebral hemispheres and of the 
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cerebellum, but most frequently at the base, These small tumors adhere 
closely to the dura mater, which becomes thijiiied iii consequeuce of the 
atrophy and loss of substance in the adjacent portions of the cranial 
bones. In other cases, they are directed towards the brain and their point 
of departure -can only be recognized by the extensive adhesions of the pia 
mater. Tuberculosis of the cranial bones may be primary and may give 
rise to local caries, necrosis and fistulse, or the rarefaction of the osseous 
tissue may be secondary to tubercles of the brain or meninges. Tubercu- 
lisation often originates in the temporal bono. It proceeds from a tuber- 
culous adection of the cavity of the tympanum or internal ear and, when 
it invades the Fallopian aqueduct and facial nerve, gives rise to facial pa- 
ralysis. Caries of the mastoid process may also, as we have shown in the 
first chapter, give rise to meningitis, encephalitis or cerebral abscess, or 
to the grave symptoms of thrombosis of the sinuses. Sometimes the tuber- 
culization starts from the petrous portion of the temporal bone or more 
rarely from the bones of the orbital cavity or nasal foasie, extends through 
the meninges to the cerebral parenchyma, and tuberculous products de- 
velop abundantly at the base, in the cerebellum or in the adjacent cerebral 

Tuberculous products in the brain are nearly always accompanied at a 
later period by tuberculosis of the lungs, bronchia! and mesenteric glands, 
and very often by tuberculosis of the pia mater. Death may result from 
miliary tuberculosis, tubercular meningitis, and sometimes from inflamma- 
tory softening in the surrounding cerebral tissue. 

According to Fielschmann (.lahrb. d. Kinderheilk., IT. Bd., 1873), cere- 
bral tubercles in children are accompanied, despite the absence of circulatory 
disturbances, by hiemorrhages into the cerebral cortex, pleura, pericardium 
and kidneys, and by spots of emphysema in the iungs. The hsemorrhages 
occur upon the side opposite to the situation of the cerebral affection, like 
the analogous changes observed by Brown-Scquard in his experiments, upon 
the effects of lesions of the pons and cerebral peduncles. We can readily 
comprehend that the changes in the different nerve-fibres, produced by the 
cerebral lesion, may also involve the vascular nerves which traverse the 
organs at the base of the brain together with the other fibres. 

The chief cause of cerebral tubercles is the tuberculous diathesis. They 
are much rarer in adults than in ehiSdren. Ladame found them 64 times 
among SI cases of tumors in children; and Riliiet and Barthez, among 312 
autopsies on tuberculous children, observed cerebral tubercles in 37 cases. 
They occur with the greatest frequency from the first year of life until 
the second dentition, that is to say, during the period in which the cere- 
bral development is most active. Different observers do not agree with 
regard to the influence of sex. Cases of chronic cerebral tuberculosis are very 
frequent at the age of puberty, but they become infrequent after the fortieth 
year. Cerebral tuberculosis of adults may be primary and sometimes devel- 
ops in several parts of the brain or at the base, without the coexistence of 
tuberculosis in other organs. In the majority of cases, however, especially 
in old people, cerebral tubercles develop after the diathesis has been mani- 
fested in other viscera. Injuries and exposure appear to favor the out- 
break of cerebral tubercles in individuals predisposed to the affection. 

The symptoms of cerebral tubercles present a great variability accord- 
ing to the situation, size and manner of development of the tumors. 
Isolated and small tuberculous products, developing slowly at the convex- 
ity of the cerebrum or cerebellum or in the neighborhood of the ganglia, 
may remain latent. A tubercle larger than a hazel-nut and which had 
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manifested no especial symptoma during- life, was found upon the convex- 
ity of the right hemisphere in a patient who died of phthisis at the Vienna 
General Hospital. A similar occurrence has also been observed in children. 
We merely notice in them a change of temper and slight 'headache or 
isolated spasms, and even if we suspect tuberculosis we are unable to 
diagnose cerebral tubercles, since similar irritative symptoms are habitual 
among children in various other diseases. 

Larger tubercles, occupying certain portions of the brain, often give 
rise, on account of their isolation and continuous growth, to perfectly 
well-defined symptoms of tumor. In order to establiafi their special symp- 
tomatology, we must rely chiefly upon the pathognomonic signs to which 
we have called attention in detail in the preceding chapter on tumors of 
the different regions of the brain. Chronic headache, with exacerbationa 
and mental disturbances, are present from the beginning. In adults, the 
latter consist of apathy and absent-mindedness and, in children, of an easy 
and indolent diaposition. When the tuberculous products appear early 
and are accompanied by hydrocephalus, the intellectual development ia 
retarded. Furthermore, disorders of the special senses, especially of sight, 
frequently occur. 

With the ophthalmoscope, we may recognize optic neuritis and, veiy 
frequently also, tubercles in the choroid, upon one or both sides, in the 
region of the papilla and yellow spot. Manz first discovered them in this 
situation (Arch. d. Ophth., IV, Bd., 1858); later, accordingto Graefe and 
Leber (Arch. f. Ophth., XIV. Bd., 1868), Cohnheim observed them in 
17 cases of miliary tuberculosis. They develop in the choroid coats ol 
guinea-pigs after inoculation with tubercle. Graefe and Leber have given 
the same description of tubercles of the choroid (with regard to their sit- 
uation, number and parallactic deviation) in the tubercular meningitis of 
adults and of children. In two cases published by Fraenkel and Leber 
(Berl. klin. Wschr, 4, 1859), the tubercles of the choroid were visible in 
the children before the patients were aHected with any disturbance of intel- 
ligence or sight. In one of these cases, the diagnosis was con5rme(I by the 
autopsy. Not long ago, Bouchut and Sieflert {loc. cit.) demonstrated, 
upon the living subject, the existence of choroidal tuberoles in cases of 
tubercular tumors of the peduncle, base of the brain, and cerebellum. 

Motor disturbances are among the most striking symptoms in thcae 
cases. The irritative motor symptoms consist ot muscular spasms, unilat- 
eral or more extended convulsions, epileptiform attacks and rotatory move- 
Tnents (observed in tubercles of the cerebellum and right cerebellar pedun- 
cles by Minchin, Bilot, and Vulpian). The case which I reported under 
the head of tumors of this region, also presented symptoms of this nature. 

The phenomena of depression are manifested by various paralyses. 
Hemiplegia is the most frequent form. From its possible combination 
with paralysis of certain cranial nerves, the alternation between the par- 
aljrses of motion and sensation in the face and limbs, the different elec- 
trical reactions, the existence of disorders of co-ordination, ophthalmia 
depending upon lesion of the trigeminal nerve, and from disturbances of the 
Bpecial senses, we may obtain the data necessary to localize the cerebral 
lesion (as shown by the examples reported in the preceding chapter). 

The diagnosis of cerebral tubercles is nearly always surrounded with 
P«at diffioullies. We can only recognize it with certainty in the living 
in the few cases in which the symptoms are grouped in an especially 
favorable manner. 

When a patient presents cerebral symptoins, we may attribute th^T" '" 
10 
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tJie presence of tuberculous products Iz. the biuin or neighboring part*, 
under the following circumstances: coexisting pulmonary disease, often 
hereditary; caries of the vault of the skull, or petrous portion of temporal 
bone (rare); tuberculous OEiena fsyphilis excluded) with fistulous canals 
opening externally; in children, signs of tuberculization In the lungs and 
bronchial or mesenteric gUnds; scrofula, rachitis, tendency to moist erup- 
tions; finally, tubercles ui the choroid recognizable with the ophthalmo- 
scope. The termination of chronic tuberculosis of the brain is nearly 
ftlwaya fatal Although we sometimes meet with cerebral tubercutoos 
products which have become transformed into calcareous matter, thes^ 
cases are too rare to sensibly diminish the gravity of the prognosis. The 
cerebral lesion itself with its sequences, hydrocephalus, inflammatory 
softening, hicmorrhagea and basilar meningitis, is the most frequent cause 
of death. When the cerebral affection is less threatening, the patients 
may succumb to pulmonary tuberculosis. Children usually die from the 
internal hiemorrhages, which we have mentioned above, or from pneu- 
monia, bronchitis and acute pulmonary cedema. Our previous remarks 
■uRice to show the slight efficacy of treatment. With regard to such 
symptomatic measures as may be adopted, vi(U the statements m&de in 
preceding chapters. 

b. Careinoau of the Brain, 

The brain does not constitute a frequent site of carcinoma. Among 
285 cases of cancer of the different oigana, collected by Chambers (Brit. 
Review, July, 1863), the brain was only affected twelve times. The can- 
cer may be primary and isolated in the brain tissue without involving other 
portions of the body. On the other hand the carcinoma which originates 
in the dura mater, especially at the base, or in the cranial bones, coincides 
with multiplo manifestations in other organs and in neighboring lymphatic 
glands. When cerebral cancer is fiecondary it is usually multiple and, ac- 
cording to Rokitansky, it not infrequently develops symmetrically in 
homonymous parts of the brain. 

Cancer is especially frequent, and usually primary, in the cerebral 
lobes, in the pons (eight times in Ijebert's ninety-six cases), in the cerebel- 
lum and central ganglia, Carcinomata very often originate from the dura 
mater, especially of the base and cerebral foss-T; or they may enter the 
brain from the orbits (more rarely the nasal fossie) and from tlie pterygoid 
foBsiB or sphenoidal sinuses. The new growth frequently originates in 
the osseus tissue of the sella turcica or petrous portion of the temporal 
bone, etc., from whence it extends either in an inward or outward direc- 
tion. Sometimes the neoplasms develop in the cranial coverings and enter 
the skull through the sutures and foramina or through the rarefied tissue 
of the cranial bones. 

Medullary cancer of the brain, which is the most frequent variety, ap- 
pears under the form of rounded, rough tumors, with several lobes, of a 
soft consistence and varying in color, according to their vascularization, 
from yejlowish-whito to reddish-brown. Fibrous cancer is usually smaller 
and smoother, of a harder, more compact structure and poorly supplied 
with blood-vessels. The soft tumors adhere to the subjacent parts and are 
detached with difficulty. They give rise to attenuation or hyperplasia of 
the adjacent osseous tissue, to thickening of the meninges or neuroglia, 
and may also cause inflammatory softening or hfcmorrhages into the sur- 
rouudLiig brain tissue. Cerebral cancers contain extremely variable pro- 
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portions of blood. From lesion of the vascular walls, more frequently 
from rupture, they may allow an ichorous fluid to escape; or, in conse- 
quence of atrophy, fatty degeneration of their elements and disappear- 
ance of their vessels, they may thicken in part like tuberculous matter. 

The symptoms of cerebral cancer vary greatly. The local symptoms 
resulting from the action of the growth upon the surrounding pails, are 
the most charncteristio. Large tumors, nch in cells and blood-vessels, 
may be subject to hyperremic enlargement, giving rise to periodical in- 
crease of the cerebral compression, to annemia and epileptiform attacks.' 
Soft multilobular tumors, which are rich in cells, compromise the (unc- 
tions of the brain by their rapid development, the hard, scirrhous tumors. 



by their consistence. The patients do not always present the signs of 
the cancerous cachexia. The diagnosis of cerebral carcinoma is only pos- 
sible when the symptoms of a tumor of the brain appear at the same time 
with evident cancerous degeneration in other organs, or when the tumor 
iymptoms coincide with infiltration and hardness of the lymphatic glands 
and parotid and when we can exclude other diathetie lesions. 

The prognosis is always very grave. Death is caused by the lesions 
produced by the cancer in the brain itself, by its spread to other organs, 
and by the rapid growth of vhe canoer in the brain (especially frequent, 
according to liokitansky, in the melanotic variety). Treatment consists in 

Ealliating the painful symptoms by subcutaneous injections of morphine, 
ydrate of chloral, etc. 

o. SyphilU of the Brain, 

Syphilis may also extend its terrible ravages into the nervous centres. 
In syphilitics who present cerebral symptoms, the specific lesion may be 
situated in the cranial bones, in the meninges and dura mater or in the 
cerebral parenchyma. Thickenings, tumors, gummata and spots of soft- 
ening play the most important part in the cerebral manifestations of 
syphilis. 

Pathological Anatomy, 

Before examining the changes produced by syphilis in the interior of 
tlie cranial cavity, we shall first discuss those produced in the bones of 
the skull. Syphilitic affections may appear upon the internal surface of 
the skull under the form of tophus or of characteristic osseous cicatrices 
with more or less abundant osteophytes. Syphilitic caries due to peri- 
OBtitia and osteitis usually invades the flat bones (very rarely the base of 
the skull, Heitz) and is accompanied, according to Rokitansky, either by 
a diffuse sanious secretion or by active proliferation of the connective tis- 
sue, and by osseous sclerosis with partial necrosis. In another and equally 
frequent form of caries, the dry caries or inflammatory atrophy of the 
osseous cortical layer (knochenrinde of Virchow) — a form which consti- 
tutes foci, with central atrophy and peripheral hypertrophy — suppuration 
never occurs. The losses of substance resulting from atrophy of the 
osseous tissue are filled by giiramy products which develop from the peri- 
osteum, or by the dura mater which has become thickened and adherent 
to the underlying meninges. Sometimes, according to Breslau, the thin- 
ning of the flat bones of the skull ia due to atrophy from resorption of 
*ypTiilitia exostoses or tophus. 

Syphilb of the meninges consists in ohronio inflammation, in infiltratior 
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with osseous products, or in the preaence of gitmmata. The InflammBtioB 
of the dura mater {usually produced by a syphilitio affection of the peri- 
cranium or of the bones of the skull] appears as an external or internal 
pachymeningitis. It causes firm thickening of the dura mater and adhe- 
sions to the cranium and subjacent meninges, and somotimea leada to 
pufBness or fatty degeneration of the inflammatory products and ossifica- 
tion of the new connective tissue membranes (osteophytes). The pia 
mater is also often inflamed. This meningitis which is usually chronic. 
{Flechsig, Ueber Mening, luet. Inauc'. diss., 1870) rarely extends over a 
oonsiderablc space. It is generally circumscribed (especially at the base), 
and is evidenced by chances in the meninges and by exudations and con- 
nective tissue products, the retraction of which causes strangulation and 
partial atrophy of the cranial nerves at the base. 

A second form of meningeal syphilis is constituted by gummy tumors 
(syphilomata). These neoplasms originate in the dura mater or pia mater, 
and sometimes in the cranial bones. They appear, according to B. Wag^ 
ner (Arch. f. Heilk. III. u. IV., Jahrg. 18C2 u. 1865), as diffuse, soft infil- 
trations of a reddish gray color, or as rounded (sometimes irregular) 
prominences attaining the size of a fist, or even as nodosities, under the 
form of diffuse infiltration. The syphilomft is composed of abundant 
nuclei and cells, disseminated throughout the new-formed connective tis- 
sue and looking like white blood -globules. Later, it becomes filled with 
regular alveoli. According to Rindfleisch, syphilomata develop tn the 
brain at the expense of the lymphatic sheaths and along the vessels, and 
they produce spots of softening by compression of the vessels and arrest 
of the circulation. The syphiloma may dry down or may cause a loss of 
substance or the formation of a cavity. The latter contains the ddbris of 
a yellowish cheesy matter in the midst of which is a little serous fluid. 
The syphilitic changes in the cerebral parenchyma vary in their character. 
Circumscribed cerebral inflammations may accompany specific meningitis 
or may follow in the train of syphilitic tumors. Primary specific inflam- 
mation of the cerebral parenchyma has not been hitherto observed in 
adults, but, according to Virchow, congenital interstitial encephalitis only 
occurs in syphilitio children. Under the same circumstances we also find 
thickening of the ependyma and small foci of fatty degeneration in the 
ventricles which are enlarged and contain more serum than normally, 
Syphilomata rarely occur in the cerebral parenchyma. Nevertheless, 
Virchow, Westphal, Charcot, etc., have seen them upon the surface and 
in the white substance of the hemispheres, in the optic thalamus, optic 
tracts, pituitary gland, cerebral peduncles, pons and cerebellum. They 
frequently give rise to partial sclerosis or hemorrhagic softening of the 
■urrounding cerebral substance. They may cause nuclear proliferation in 
the nerve-cells of the adjacent cerebral cortex and considerable enlargement 
of the cells of the connective tissue. Under the etiology of the subject 
we shall discuss the specific changes in the cerebral vessels. Finally, the 
optic nerves may become inflamed and the nerves at the base of the 
brain may undergo fatty degeneration and atrophy. 



Sticloffjf. 

Cerebral disturbances from constitutional syphilis may sometimes da< 
Wop in the first few months, or in the year following the infection. 
Usually, however, several years elapse before cerebral syphilis makes iti 
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appearance. It occurs with the ffreatest frequency in middle age. The 
congenital lesions described by Virchow are rare and their existence has 
been questioned (or some time past. 

Several years ago attention was directed to the important part played 
by specific changes of the vessels in syphilitic cerebral afTections. Since 
Passavant'a observations (Virch. Arch., XXV, Bd,) upon syphilitic thick- 
enings of the basilar artery by the formation of exudation and thrombosis, 
ClilTord Albutt (St. George Hosp. Rep., III., 18C8) has several times found 
infiltrations and small ulcerations of the middle coat of the large cerebral 
arteries in cases of syphilis. Syphilitic thrombi and emboli have beeu 
found in all the large arteries at the base. More recently Heubner has 
pointed out the influence exerted by syphilis upon large cerebral arteries. 
He has observed nuclear infiltrations of the tunica adventitia and oblitera- 
tions starting from the internal coat in the vessels at points corresponding 
to adhesions of the meninges and brain. The same changes have been 
found in the central artery of the retina, together with infiltration of the 
optio nerve. Virchow (Krankh. Geschw., II. Bd., p. 444) has found gummy 
inflammation of the walls of the aorta. Hertz (Virch. Arch., Bd. 57, 1873) 
found a large aneurism of the ascending aorta, composed of several car- 
ities with thickened walls, which were formed of several layers and filled, 
ID part, by a yellow, cheesy mass. 

But Heubner (Die leutische Erkrankung der Hirnarterien, Leipzig, 
1874) has especially recognized the importance of the syphilitic neoplasms 
which develop within the large arteries at the base of the brain. These 
arteries are often affected In conseijuence of syphilitic changes in neigh- 
boring parts but sometimes, also, independently. At first the vessels lose 
their transparency and assume a whitish-gray color. They are hard and 
enlarged and finally acquire a cartilaginous consistence. Upon section, 
the lumen of the vessel is found diminished by a fifth or even a third of 
its normal calibre. Layers of a new-formed substance are noticeable, at 
first semi-lunar and then circular in shape. This substance is of a 
white or grayish color and at first of a soft consistence, but later it be- 
comes as firm as cartilage. The new growth develops between the elastic 
layers of the internal coat (fenestrated membrane) and the endothelium. 
It is at first composed of endothelial cells, which continually proliferate 
and are finally transformed into a compact felted tissue, formed of fusiform 
and stellate cells. Rounded cells are deposited in this tissue, originating in 
the vasa vasorum and forming a granular substanoe. The new-formed 
tissue develops toward the centre of the vessel and along its longitudinal 
axis and thus diminishes, little by little, the calibre of the principal artery 
and its branches. Later it becomes organized or cicatrizes, and is changed 
into fibrous tissue. By the obstruction produced in the current of blood, 
it gives rise to thrombosis, cerebral softening and syphilitic cerebral in- 
flammations, especially in the carotid, in the branches which pass to the 
lenticular nucleus and corpus striatum, in the middle cerebral artery, and 
in the vessel which supplies the corpus callosum. 

The degeneration of the walls of the large arteries and of the cerebral 
vessels (which may be considered as a syphilitic endarteriitis) gives rise to 
multiple thromboses and emboli. The latter originate, in very care in- 
stances, from the penetration of gummy tumors into the cardiac cavitiet 
(Oppolzer). The progressive development of the specific vascular degen- 
erations explains the long duration of the prodromata, the changes and 
narrowing of the cerebral arteries, and the consequent disturbances of cir- 
GulatioD and nutrition. They are the causes of the foyers of oiroum- 
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scribed softening, of the parti&l ruptures of the vessels with apoplectiform 
attacks, and of the symptoms of repeated thrombosis with frequent ro- 
misHions. The degenerntiona and obliteration of the small vesaels, which 
often pass unnoticed upon autopsy, give rise to less serious consequences. 
In Hertz's case, quoted above, the small cerebral vessels, even in the hr iltny 
regions and remote from the softened ganglia, were in a eonditloQ o^ C&ilj 
degeneration, and contained miorosoopio a 



Symptomatology, 

The onset of cerebral syphilis is i 
toms, lasting several months, such a 
gia in the limbs, disturbances of intelligence and memory. These disor- 
ders, at first variable and intermittent, become gradually more and more 
severe or, more rarely, sudden paroxysms develop and terminate in dis- 
orders of motion, sensation, and of the mental faculties. 

The motor disturbances, which are the most frequent, consist of symp- 
toms of irritation or of paralysis. Among the first, we may especially 
mention apoplectiform, epileptic or maniacal attacks, due to meningeal 
exudation or to the compression exercised upon the cortical vessels during 
their passage across the pia mater or to the vaso-motor cerebral excitation 
provolced by the tumors. The violent initial attacks, which are sometimes 
aooompanied by delirium and illusions, are generally of short duration. 
The apoplectiform attacks which follow the cerebral symptoms or which 
occur suddenly, with loss of consciousness, are accompanied by paralyses, 
which afterwards become hemiplegic in character, either graduallyoraftar 
new attacks. The epileptiform convulsiotis are more frequent and persist- 
ing. They may appear in infants suffering from congenital syphilis; in 
adults they develop little by little, after syphilitic lesions of the skin and 
bones. They either appear as convulsions, progressing from the periphery 
to the centre and limited to one-half of the face and body, with moder- 
ate disturbance of the aensorium; or they involve the whole body, are at- 
tended with complete loss of consciousness and affect motion to a greater 
or less extent by their increasing frequency and intensity. 

Paralyses must be regarded as among the serious effects of cerebral 
■yphilis. From a recent abstract made by Brans (Monographie n. Hirn- 
lyphilis, Berlin, 1873) it appears that paralyses occurred eighty-two times 
in one hundred cases of cerebral syphilis, and in the following proportions: 
paralysis of the ocular muscles, thirty-four times; paralysis of the face, 
twenty-seven; of the tongue, twenty-two; of the bladder, seventeen; of the 
intestines, fifteen; hemiplegia, thirty-one; paralysis of one limb, eighteen; 
paraplegia, eight. Paralysis of the cranial nerves (oculo-motor communis 
and externns, patheticus and facial) are the most frequent. Then follow 
paralyses of one-half of the body. Isolated and unsymmetrical paralyses 
of the extremities are much rarer. These paralyses are sometimes incom- 
plete and temporary, sometimes more complete and permanent. The va- 
riations depend partly on the resorption and retraction of the products 
of exudation, and partly upon the changes in the vascular walls and on 
the various conditions of the thromboses and collateral circulation. These 
multiple paralyses are caused in general by the presence of gummata at 
the base of the brain, by chronic basilar meningitis with atratigulatioii of 
the cranial nerves from retraction of the exudation, and by syphilitic en- 
darteritis of the basilar and vertebral arteries. In one of these cases re- 
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parted by Ziemsaen (Virchow's Aroh., XIII, Bd., 1858), faradic contrac- 
tility was abolished in the completely paralyzed muscles and considerably 
diminished in the incompletely paralyzed ones. Acoording' to my own ob- 
■ervations this abolition of farado-rauscular reaction couicidea with in- 
ofease oE tbe galvano-muacular excitability. 

Hemiplegia occurs in about one-third of the cases of cerebral syphilis 
uid varies in its development. It may appear slowly, as in cases of tumor 
when complicated witb contractures, diminution of the electrical excita 
bility of the muscles, and disorders of speech (foci of softening in the 
ffanfflia from obliteration of the middle cerebral artery). At other times 
the nemiplegia occurs suddenly with apoplectic symptoms or combined 
with epileptiform convulsions which sometimes mask the progress of the 
paralysis. Finally, hemiplegia, pursuing a progressi ve course, may appear 
as a complication of psychical disorders (as in hemiplegia with delirium). 

Crossed paralysis occurs in the rare cases of syphilitic lesions of the 
pouB. Paraplegia results most frequently from incomplete double hemi- 
plegia in symmetrical lesions of the central ganglia, in lesions of the me- 
dian portion of the pons, in compression of the medulla oblongata by dis- 
eased products at the base, and in degenerations of the spinal cord. 

Cerebral syphilis sometimes, also, gives rise to sensory disturbance*. 
Id addition to headache, which is rarely absent, and to the frequent ostco- 
oopic pains, we observe, in the beginning, circumscribed trigeminal hy- 
perssthesia and neuralgia in the limbs. Hemiplegia may also be compli- 
cated by violent pains and various abnormal sensations. At a later per- 
iod, numbness of the paralyzed limbs or unilateral aniesthesia of the scalp, 
face, tongue, and buccal mucous membrane often develop. Complete abo' 
lition of sensation upon one-half of the body is a much rarer event. 

The most frequent and severe disturbances of the organs of special 
sense occur in the visual apparatus. When they first appear, under the 
form of rapidly increasing weaknesa of sight, they may rapidly recover 
ander the influence of specific treatment. When they have given rise to 
optic neuritis, recognizable by the ophthalmoscope, they terminate in 
blindness. The visual disturbances are explained, according to Heubner, 
by the signs of inflammation which appear in the central artery of the re- 
tina. Amaurosis may be caused by the extension of morbid products from 
the pons, peduncles or tubercula quadrigemina to the optic tracts, or by 
specific infiltration of the cliiasm and optic nerves, Tasle, smell, and 
hearing may be diminished upon one side'from anaisthesia of the trigemi- 
nus. The psychical disturbances, which are sometimes temporary and 
sometimes persisting, present no less interest. Braus found them present 
forty-five times in one hundred cases. They are almost always preceded 
by violent headache, lasting weeks or months, and which is especially 
severe at night. The alfection is characterized by mental weakness, with 
or without exalted ideas, or by melancholia or mania, passing into imbe- 
cility. Frequently, all the symptoms of paralytic insanity make their ap- 
pearance. Among foity-five patients of this category, Jaksch (Prag. med. 
Wschr. 1-20, 18C4) found coexisting hemiplegia m 31 cases (some of tha 
cranial nerves were also implicated). At a later period the paralysis ex- 
tended to the tongue and to the muscles of deglutition and respiration. 
At the autopsy changes were observed in the meninges and cortex, the 
thickened meninges adhering to the cortical substance. In addition, 
foyers of softening were present in the superficial and deep parts of tha 
brain, and speciRo lesions in the cranial bones and liver. 

Disorders of speech have been noticed several times, either as apliasia 
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or as motor p&rdjsis ot the tongue. In Bouchard's patient (Gaa. meA 
45, 186G), who suffered from apoplectiform hemiplegia and aphasia, the 
autopsy revealed the presence of softening; of the second and third left 
frontal convolutions, with guminv growths in the raeninji^s of the parietal 
lobe and in the pituitary gland! Leyden (Bed. klin. Wachr. 7-'J; 1867) 
found, upon autopsy (in a case characterized by sudden paralysis with 
considerable disorder in the articulation of speech), spots of softening iu 
the corpus striatum and optic thalamus and in the pons. 

The later course of syphilitic cerebral diseases is very variable. In 
favorable cases recovery occurs at the end of several weeks or months. 
Death may occur in three or four years, rarely much later JTodd and En- 
gelshed). Reoovnry is often interrupted by relapses, which may occur 
after intervals of several years, and may terminate in death by the devel- 
opment of new changes is the brain or by the extension of lesions to 
other organs. 

Diagnosis and Progrtosis. 

In order to recogTiize the syphilitic origin of a cerebral affection wa 
must not only enter carefully into the previous history of the patient, but 
also into his present condition. In suspected cases we must not alone 
examine the genital organs, skin, lymphatic glands, skull and long bones, 
but also the lateral and posterior portions of the buccal cavity, the base 
of the tongue, tne fauces and nasal fosss, the epiglottis, larynx, and even 
the fundus of the eye with the aid of the ophthalmoscope. We must 
consider the possible occurrence of induration of the testicle and epididy- 
mis, of onychia and dactylitis, etc., and also examine the vascular system, 
the heart and the liver. 

In young people and adults headaches occur, at first slight and inter- 
mittent and then becoming severe, with exacerbations, especially at night. 
Insomnia, ptosis, ocular paralyses and dilatation of the pupils, or visual 
disorders then develop, followed later by unilateral spasms of the face or 
limbs or by epileptiform convulsions together with the signs of optic neu- 
ritis. At this time, or even later, hemiplegia makes its appearance. 

Multiple paralyses of the cranial nerves do not aid us much in the 
diagnosis of cerebral syphilis in the absence of other specitic symptoms, 
since similar paralyses occur in circumscribed meningitis and tumors at 
the base. But when epileptiform convulsions are superadded or when 
apoplectiform attacks occur after rapid improvement of the paralyses, we 
may attribute the symptoms to cerebral syphilis, especially if the patients 
are young or middle aged. 

In meningeal inflammation due to cerebral syphilis, the pulse may not 
be frequent and the temperature but slightly raised, despite the severity 
of the symptoms. Antisyphilitio treatment wil! produce rapid dis^ppear- 
ance of the cerebral phenomena, but if medication is abandoned too early 
they will soon reappear (Poncet). The diagnosis of gyphilitio mental 
diseases is not possible except from the coexistence of other symptoms 
of syphilis, of the headaches which we have described above, and from 
the effects of antisyphilitio treatment. 

The cerebral symptoms of congenital syphilis usually appear under the 
form of epileptiform convulsions, occurring during the first ten years of life. 
In these cases we find ulceration of the palate and uvula, enlargement 
of the bones of the nose, periostitis, oziena and hoarseness. A peculiar 
of the superior median incisors (wedge-shaped with crenated 
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^bb) IB regarded aa charncteristio by Hutcliinson. A history of syphilis 
' nay UBuaUy be obtaijieil from the paronis. With regard to prognosis, 
the invasion of cerebral syphilis must be regarded, in general, as a scrioua 
condition. The aoute irritative symptoms are usually less grave and per- 
sisting, since they can be more readily overcome than the chronic syinp- 
toma of depression. 

The prognosis is bo much the more grave when the nervous centres are 
more largely involved. Among H oases collected by Gros and Lance- 
resux (Des affect, nerv. syphilit., Paris, 18(il), in which the syphilis liad 
involved the brain and cord after the bones and fibrous tissues, 17 deaths 
occurred. On the other hand, among 51 cases in which the brain was the 
principal seat of the syphilitic changes, death only occurred in 13. But 
the remaining 39 oases must not be regarded as definitely cured, since 
relapses occurred in a portion and, perhaps, in the majority. 

Syphilitio mental disturbances offer a very favorable prognosis. But 
Bometimes the syphilis may be recovered from, while the mental disorder 
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dementia 
■sychosen, 1859), 
from secondary syphilis with- 
in favorable cases the mental 
inths (in one case it continued 
iases we may mention the fol- 
ilancholia, and insanity. 



Lppen, 
paralytica, published by Flcmming (Path, 
that the patient dies four or Rve 3'ears late 
out any return of the psychical disorder, 
alienation usually ksts several weeics or n 
more than two years). Among the fatal 
lowing forms, viz., dementia paralytica, m 
without paralysis or loss of intelligence, but with voluntary starvation. 

Finally, we may add that the motor and sensory disturbances may 
disappear after apoplectifonn or epileptic paroxysms, unless the increasing 
aeverity of the latter lead directly to a fatal termination. But if we ex- 
amine with care we will find slight feebleness of movement, alterations 
of the temperament, slight disorders of speech, etc. A relapse may occur 
with apoplectic or inflammatory flymptoms, even after the cerebral symp- 
toms have disappeared for several years. The patients usually die from 
^ the cachexia or from an extension of the diathetic disorders. Taken all 
^Ljn all, therefore, the prognosis of cerebral syphilis must be regarded as 
^■*ery doubtful 

fto 
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The treatment consists in antisyphilitio measures, regulated according 
to the condition of the patient. The majority of observers prefer the 
temal and internal administration of mercury, generally in tne form of 
the iodides. In opposition to the view that tertiary symptoms are caused 
by mercurial ism, we may state that distinct symptoms of cerebral syphilis 
have been observed in patients who have never taken mercury. 

Convjilescents whose nutrition has suffered from the disease itself 
and from prolonged antisyphilitio treatment, derive great benefit from 
the cautious employment of hydrotherapeutio measures (moist frictions, 
the use of wet blankets until tiie return of heat, followed by half-baths 
'whose temperature is progressively lowered). Electricity may be em- 
:|>loyed to relieve such paraJyaes as may have remained permanent. 
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CHAPTER XrV. 



Tbb medulla oblongata, situated between the posterior portion of the 
pons and the inferior termination of the olivary bodies, is intimately con- 
nected, by its structure and vessels, with the adjacent portions of the 
brain and spinal cord. 

We shall first say a few words on the special functions of the medulla 
oblongata, so far as they have a bearing upon pathology. In accordance 
with the most recent researches, we need no longer adir'.t the existence 
of circumscribed medullary centres for the various reflex acts. The trans- 
mission of reiiex actions is accomplished by much more extensive appa- 
ratus, on account of the wide-spread communications in the spinal cord 
between the motor and sensory paths. Even when the reflex centres of 
the medulla or of the brain have been removed and rellex excitability ia 
increased by the administration of strychnine, reflex actions may never- 
theless be produced. Prokop Rokitansky (Med. Jahrb., I. H., 187i) has 
ascertained that the spinal cord contains respiratory centres below the 
fourth ventricle. Wilh. Schlesinger (eod. loc.) has shown tliat the cen- 
tres of the vascular and uterine nerves are also contained in the floor o( 
the same ventricle. The centre of the vascular nerves contains a centre 
of excitation and one of depression. They may be stimulated by reflex 
means by acting upon the brain, or directly by acting upon the blood. 
The centre for the arrest of the heart's action, Vfhicli corresponds to the 
fibres of the pneumogastric and is merely a reflex centre, is also situated 
in the medulla oblongata. The centre for the retardation of the heart's 
action, the fibres of which pass through the cervical sympathetic, is also 
contained in the medulla. The convulsive centre of Nothnagel is con- 
tained in the pons varolii, but on account of the intimate relations of the 
inferior border of the pons with the adjacent border of the medulla ob- 
longata, it is probable that the latter participates during life in the pro- 
duction of the convulsive phenomena. The medulla cotitains the fibres o( 
origin of the sensitive cranial nerves and the fibres of the tegmentum of 
the peduncle which are interrupted, at this level, by cells which serve for 
the transmission of impulses to the motor fibres. Finally, the medulla 
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oblongata also contains the centres of pupillary dilatation, of the move- 
ments of deglutition and mastication, of ttie salivary secretion, and tfad 
centre ot synergic movements of the body (the latter depend, to a great 
ejitent, upon the pons and tubercula quadrigemina). 



a. AiwBmia and HypercBmia. 

Direct observation is very poor in materials bearing upon bulbar an- 
aemia. It affects by preference the gray substance (which U richer in 
capillaries} and which becomes markedly paler than normally. The ves- 
sels of the pia mater are moderately distended with blood, but the super- 
ficial nerve meshes are strongly congested. The different regions of the- 
medulla may be unequally affected by the an.'emia, according to the con- 
dition of the vessels. 

In certain diathetic diseases, the bulbar antemta merely runs parallel 
to the cerebral and spinal ansemia. Under the influence of trifling causes, 
the patients become subject to dyspncea, palpitation, nausea, spasms and 
prostration, owing to the morbid excitability and exhaustion of the bul- 
bar and spinal centres. Irritation of the centre of the vascular nerves 
may arise from certain toxia agents (opium, chloroform, ergotine, nico- 
tine, etc.) or from psychical excitement, as in hysteria, and may producs 
symptoms of bulbar and cerebral amemia, with slowness of the pulse and 
respiration, spasmodic contraction ot the cutaneous vessels, lowering of 
the temperature, loss of consciousness, ete. In epilepsy, judging from 
experimental data and clinical observation, we mu^^t consider the medulla 
oblongata as the point of origin of the vascular spasm. 

Partial aniemia of the medulla oblongata may be the result of ooiii- 

ssion of targe oapillary zones by extravasations, abscesses, tumors, etc 

rombosis and embolism may give rise to circumscribed amemia and 
paralyses, from arrest of the arterial circulation. 

The flymptomatology varies, as Uuret has shown, according to the 
point at which the obliteration exists, the nutrient arteries being dis- 
tributed without anastomoses to distinct territories of the medulla oblon- 
gata. If the embolus occupies one of the vertebral arteries, it interrupts 
the circulation in the anterior spinal artery and, consequently, in the me- 
dian arteries which it supplies, i.e., in the nutrient arteries of the nuclei of 
the hypo-glossal, spinal accessory and inferior facial nerves. The symp- 
toms of lahio-glosso-pharyngeal paralysis will then suddenly develop. 

Cases of this nature have been observed by Charcot, Joffroy (Gas. 
mid., 1872), and Proust {Compt. rend, de la Soc. de Biol. 1809). In the 
last of these eases, hemiplegia occurred, with sudden paralysis of the face 
and tongue, and then complete aphonia and dysphagia developed, rapidly 
followed by death. At the autopsy obliteration of the sjpcrior half of 
the vertebral artery and the lower cerebellar artery was found, with 
softening of the corresponding cerebellar lobe. 

The paralysis, according to Duret, is complete or incomplete, according 
as a single anterior spinal artery or two symmetrical ones, originate from 
the obliterated vertebral. In the latter case the lesion ia unilateraL 
Hemiplegia is due to obliteration of one of the two arteries which supply 
the pyramids or the restiform bodies. Obliteration of the basilar artery, 
afferent vessels from which supply the pons, may cause paralysis of all 
the limbs. If the embolus is prolonged into the basilar artery, the sud ' 
Kiucmia of the nucleus of the pneumogastric may cause sudden death. 
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F olot. in the lower part of the basilar artery produces obliteration of the 
' inferior and middle arteries of the pons, which supply the nuclei of tht 
poeumogastric and glosao-pharyngeai nerves, causing; rapidly fatal symp- 
toms of cyanosis with stertorous breathing, rapid pulse, and relaxation of 
all the limbs. An embolus in the upper part of the basilar produces, 
according to Duret, disorders of vision, stmbismus, ptosis, and paralysis 
of the superior facial nerve. 

Whentheemboliclesionsin the medulla oblongata quickly retrograde by 
the re-establishment of the collateral circulation, or by the disappearance of 
the embolus, the morbid symptoms may j'ield little by little. If the dis- 
orders of nutrition persist, spots of softening will form in the medulla and 
pons. They are usually situated in the median line and are triangular in 
shape, the base being directed towards the fourth ventricle along the 
course of the median arteries of the medulla. 

Hyperemia of t/te medulla oblongata is unknown except from a few 
observations upon the cadaver. This hypenemia (with considerable dila- 
tation of the vessels, especially in the posterior half of the cord, Schroeder 
V. d. Kolk) occurs in epilepsy, in infantile eclampsia or in eclampsia from 
intoxication, in hydrophobia, tetanus, etc. It is usually accompanied by 
intense congestion of the meninges and adjacent portions of the spinal 
cord. Although a large part of the blood found after death in the supe- 
rior and inferior portions of the spinal cord is due to cadaveric hypostasis, 
nevertheless recent experimental investigations have shown that consider- 
able hyperffimia of the cord may occur, especially in convulsive affections. 
Thus Landois {Centralbl. f. m. Wiss., 10, 18C7) found in rabbits fin whom 
intermittent ligature of the superior vena cava had induced epileptiform 
attacks) a considerable venous hypertemia of the tubercula quadrigemina, 
medulla oblongata, and spinal cord. Magnan (Arch, de Physiol., Mrch,, 
1873) saw intense congestion of the medulla oblongata and meninges in 
dogs who had become epileptics from the administration of absinthe. 

Bulbar hypenemia frequently accompanies embolic, hiemorrhagic, and 
inflammatory processes, and tumors which develop in the neighborhood 
of the medulla. It also occurs in severe typhoid fever, acute exanthe- 
mata, cerebo-spinai meningitis and fatal forms of chorea. 

Temporary congestions are observed in the living from depression of 
the vaso-motor centres. In these cases the redness, heat, and aweatin? of 
the extremities, and the periodical hypenesthesia evidently originate m a 
medullary lesion. Certain temporary symptoms of excitation, which ap- 
pear as the first signs of bulbar paralyses, must be ascribed to circum- 
Boribed congestions (of the nuclei or nerve roots). Finally, in a case of 
typhoid fever (Hesky, Med. Presse, 18G9), in which Cheyne-Stokes' respi- 
ration had been observed during life, very noticeable hypenemia and firm- 
ness of the medulla oblongata were observed, especially upon the floor of 
Itiie fourth ventricle, with hyperemia of the neurilemma of both pneumo- 
gastricB. 



b. Apoplexy of the Medulla Oblongata. 



Medullary hremorrhages may be secondary, from the extension of con- 
^ nderable hiemorrhages in the central ganglia towards the median line, 
with afflux of blood into the lateral, middle and fourth ventricles. They 
often follow hiemorrhagea into the pons and cerebellum, which reach the 
of the brain after destruction of the medullary substance. Primaiy 
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medullary hipmorrhag'pa are caueed by local lesions or by diaeaaea of tho 
medulla oblongata and cervical portion of the spinal cord. 

The most important causes of spontaneous Wmorrhagea into the mo- 
duUa oblongata are the diseases of the afferent vessels. 

Arteritis of the basilar artery ia followed by thrombosis and then by 
foyers of softening and hitmorrbao;ic infarctions. We know that ine 
symptoms vary according to the site of the obstruction. Aneurisms of 
the basilar artery are aUo a frequent cause of hremorrhages into the pom 
and medulla oblongata. According to Lebert (Berl. klin. Wschr., 18C6), 
among thirty-one cases of aneurisms at the base, vascular ruptures gad 
hiemorrhages occurred seventeen times into the parenchyma oE the pout 
and medulla oblongata, giving rise to the following symptoms, viz. : occip- 
ital headache, stiffness of the neck, vertigo, nausea, vomiting, noises ia 
the ears, feeble hearing, disorders of speech, deglutition and respiratiuDj 
■ud hemiplegia or paraplegia. 

Traumatic lesions of the medulla oblongata are often followed by abun- 
dant hiemorrhages. Waters' patient (.Med. Chir. Transact., XLYI., 18C3)) 
23 years old, having received a violent blow upon the left side of the face 
and neck, manifested the following symptoms: at first temporary loss ol 
consciousiieaa, then embarrassment of speech, inability to swallow; inces- 
sent hiccough, deafness, incomplete right hemiplegia with elevation of 
temperature on the paralyzed side, dilatation of the pupils, nystajirmus, 
accelerated pulse (up to 100). The patient died upon the second day 
after the receipt of the injury. At the autopsy a h.tmorrhage was found 
in the upper part oE the medulla oblongata, extending under the pia raatw 
to the right and thirty-two centimetres downward. A transverse fissure 
was situated above, involving the restiConn body and a part of the floor 
of the fourth ventricle, and a second one behind, reaching to the posterior 
pyramid and column. In another case, published by Leyden (Virch. Arcb., 
Bd. 55), epilepsy and paresis of the legs with slowness of movements de- 
veloped after a blow upon the head. These symptoms indicated a haemor- 
rhage into the medulla oblongata and cervical portion of the cord. 

In rarer cases bulbar hicmorrhago may be due to caries of the first 
cervical vertebrie with suppurative meningitis and htcmorrhage into the 
medulla, as in Fullers' case (Lancet, Sept., 1870); or to tumors developing 
in the neighborhood of the medulla oblongata, which are sometimes ac- 
companied by considerable hnjmorrhages. We may finally mention that 
haemorrhages into the adjacent portions, extending as far as the medulU 
oblongata, may give rise to some bulbar symptoms. In Desnos' case 
(Union med., 'ZO, 18G9), the patient was suddenly seized during sleep with 
extreme dyspncea, crepitant nilea in both lungs, followed by vomiting, 
contraction of the pupils, relaxation of the limbs, albumen in the urine^ 
coma and death at the end o£ twenty-four hours. The diagnosis of ur»- 
mia was made. At the autopsy a htemorrhagic extravasation as large 
as a hazel-nut was found in the posterior and superior portion of the pons, 
with perforation into the fourth ventricle. The kidneys wore normal. 
The symptoms of bulbar apoplexy present considerable differences accord- 
ing to the origin and situation of the extravasation. The very large ex- 
travasations which extend from the central ganglia, ventricles or base of 
the brain to the medulla oblongata, give rise to violent symptoms of 
apoplexy, to coma and to rapid death. In only a few eases have certain 
final symptoms indicated the implication of the medulla oblongata. 

In many bulbar hremorrhages epileptiform spasms develop after a tem- 
porary loss of consciousness. This is coniirraed by the recent experimeuti 
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of Westphal (Berl. klin. "Wsehr., 38, 1371). In guinea-pigs w hich had 
been rendered epileptic by blows upon the head, he found small, irregular 
extravasations, disseminated throughout tlie white and gray matter of the 
medulla oblongata and cervical cord, and collections of blood in the cavity 
of the spinal dura mater. Convulsions are not mentioned in some cases 
of bulbar apoplexy, TLetr existence depends on certain hitherto unlinown 
localizations. 

Other motor disturbances appear in bulbar apoplexies, such as more 
or less complete hemiplegia with diminution of sensibility. The paralysis 
Bometimes assumes the paraplegic type or may extend, especially in fatal 
CBses, to all the limbs. We may also mention disorders of the movements 
of the tongue, of speech and deglutition, the deviation of the palate and 
uvula, frequent and usually persisting hiccough, and iinaliy, spasms in 
the muscles of the face, eyes, and neck. 

In addition to dyspncea, the Cheyne^Stokes' respiration often appears 
as a characteristic symptom of hicmorrhages into the medulla oblongata. 
This phenomenon consists of certain irregularities of respiration occurring 
in a perfectly regular order. From time to time the inspirations cease 
for a quarter or even an entire minute. They then begin gently, become 
more and more rapid and profound, and finally grow weaker and again 
cease. Schiff has found {Nervenphysiologie, 1859, p. 32-1), in his experi- 
ments upon animals, that the smallest haemorrhage into the medulla or 
the slightest pressure exerted upon it, renders the respiration more infre- 
quent and diiEcuIt, The animals presented the same alternation of dimi- 
nution and increase of respiration, separated by periods of complete arrest. 
Cheyne-Stokes' respiration which may be due to hnsmorrliagea, effusions, 
and tumors of the base, extending to the medulla oblongata n'raube, Mor- 
kel, Mader), is produced, according to Traube (Berl, khn, wachr,, 1869 
ftnd 1874), by an insufficient supply of arterial blood to the medulla oblon- 
(Ifata. "The irritability of the respiratory centre being thus lessened, tjie 
normal quantity of carbonic acid present does not snIKce to provoke an 
inspiration. In order that this shall be produced, considerable quantities 
of carbonic acid must collect, and in order thatthis latter event may occur, 
tlie intervals must be longer than in the normal condition. Hence the 
prolonged suspension of respiration. The carbonic acid necessarily ac- 
cumulates at first in the pulmonary circulation, from whence a primary ex- 
citation of the respiratory centre occurs through the pulmonary fibres o( 
the pneumogastrio nerves. Later, the carbonic acid also accumulates in 
the general circulation, and the activity of the medulla oblongata is then 
called forth by the sensory nerves of other portions of the body." 

We may finally add that, in considerable extravasations extending into 
the fourth ventricle, polyuria has been observed by Potain (Gaz. des HOp,, 
1868J, and albuminuria by Desnos (loe. cit.) and by Mader (Med. Wschr., 
I860). We also know, from the experiments of Claude Bernard, that in 
lesions ot the fourth ventricle, situated above the acoustic nucleus, the 
orine is secreted in small quantity but contains albumen. 

The diagnosis of an apoplexy of the medulla oblongata cannot be es 
tftblished except in those cases m which an apoplectiform attack is accom> 
panied by certain characteristic functional disturbances. These are: 
epileptiform attacks occurring either in the beginning or later ; when con- 
Boiousness is restored, signs of incomplete hemiplegia or paraplegia, with 
preservation of electro-muscular contractility and simultaneous disorders 
of sensation (at first hypenesthesia, then circumscribed anesthesia); d_ys- 
phagia, repeated vomiting, hiccough, embarrassment of speech, deflection 



of the velum palati and uvula. Independent of all these symptoms wo 
must also, in making a diagnosis, take into consideration tho intense dysp- 
noea (without material cause), the Cheyne-Stokea' respiration and albu- 
minuria. In large hiemorrhages origiiiiLting in the cerebral ganglia or 
ventricles, death occurs in coma at the end of a few hours, the bulbar 
symptoms being imperfectly defined. 

BKperience teaches that the prognosis ia more favorable in traumatic 
oases tnan in those in which the hicinorrhsge is due to disease of the ves- 
s of the brain or base (especially frequent in old age). The prompt re- 
■""S, the alternation of the paralytic symptoms, and the 
n the symptoms, afford indication of gradual ameUora- 
ed complications, fresh h.TSmorrhages, or inflammatory 
1 place the patient's life in jeopardy. Even in the 
vhich the more serious symptoms disappear we may 
find paralyses and partial atrophy, perhaps after the Ispso of weeks or 
months. 

Venesection is rarely indicated in bulbar apoplexies (except in cases of 
very marked stasia, and in robust persons). We prefer local bleedings 
from the mastoid processes or neck. We should then continue the appli- 
cation of ice-bag-a to the occiput and neck for a long time. In addition, 
absolute rest, reduced diet, and regulation of the secretory functions are 
indicated. We may employ cool baths, hydrotherapoutics and electricitj 
to combat permanent paJalysea, 
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CHAPTER XV. 

DUXAMMATIONS AND TUMOES OF THE MEDULLA OBLONQATA. 

Intlahmatio?<s of the medulla oblongAta, like all other proceasea of a 
similar nature, may terminate in diffuse suppuration of plastic exudation, 
or they may give rise to special morbid types by producing chang-es which 
are limited to the origins of the nerves in the medulla. We shall, there- 
fore, first discuas the simple inllammatory processes and their various 
sequences, and shall then investigate an affection, presenting very pecu- 
liar symptoms and due to inflammation and successive degeneration of 
the different nuclei of origin in the medulla, and which has been the sub- 
ject of important researches during the last fen years. 

a. £\flammationa and their Mguenca, 

Like the brain and spinal cord, the medulla oblongata is very fre- 
quently the site of inflammatory processes, due to traumatism, arteritis, 
thrombosis, tumors, etc., or conveyed from adjacent parts. Thus, in 
Ahercrombie'a case (I. c, Obs. 39), a child sixteen months old, who had 
fallen, three months previously, upon the occiput or neck, suffered from 
strabismus, right hemiplegia, intermittent convulsions, a pulse at first 
accelerated and then retarded, and obstinate constipation; intelligence re- 
mained intact. At the autopsy a purulent focus enclosed iu a capsule was 
found in the parenchyma of the medulla oblongata, at its intersection 
with the pons varolii. The diseased process presented the. appearances of 
6. scrofulous abscess. Lebert has more recently observed » case of abscess 
of the medulla oblongata, in which the symptoms during life consisted of 
strabismus, a succession of paralyses upon the right side, convulsions, and 
disturbances in defecation. Several nerve nuclei were implicated in the 

» purulent focus and, furthermore, the continuity of the n.otor columns was 
interrupted at different points although not completely abolished. 
In a case published by Meynert (Prakt, Heilk., 1863), a woman, 
twenty years old, after suffering five days from mplaise, was attacked 
\vith violent headache, slight ptosis, drooping of the right labial commis- 
sure, difficulty in the articulation of words, profuse salivation, and pulse 
accelerated and then slowed, without paralytic symptoms or disturbances 
of intelligence. The patient died at tne end of two days. At the autopsy, 
in addition to suppurative basilar meningitis, an abscess as large as a hazel- 
nut was found in the left hajf of the pons, with perforation of the fourth 
ventricle in the neighborhood of the nucleus of the facial and of the motor 
nucleus of the trigeminus. The motor fibres which, starting in the spinal 
cord, pass upwards through the longitudinal fibres of the pons, were 
intact. The paresis of the levator palpebrse was caused by suppuration 
of the posterior perforated space, between the points of emergeuoe of the 
I nootor oculi nerves 

n 
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We must a.lso mention among the consequences of inflammation, tbo 
formation of spots of softening', such as we have previously described, 
»nd also the development of connective tissue proliferation which usually 
afEects the white substance of the medulla oblongata and spinal cord. 
tsonictimes, as in tetanus, a viscous substance is produced which is ribfa in 
celln, and, at others, as in labio-glosso-pharyngeal paralysis, proliferation 
of the neuroglia occurs with numerous disseminated, granular cells. la 
cerehro- spinal sclerosis these form multiple foci, extending throughout 
the cerebro-spinal axis, and embracing the different columns, and even th< 
nerve nuclei of the medulla, in the hyperplastic process. 

These inflammatory processes, which usually extend beyond the 
medulla, cannot be recognized, even by their remote consequences, except 
in a small number of cases, in which epileptiform convulsions and other 
functional disorders already mentioned, indicate the participation of the 
medulla oblongata in the disease of the nervous centres. 

b. Labio-glosao-pharyngeal Parah/ais {Paralysii of the bulbar nuclei, 
Nervenkemelaehinung of the author). 

The disease in question, although recognized in its principal charac- 
teristics by Trousseau (1841) and by Dumenil (Gaz. hebdom., June, 1856), 
was first described as a distinct morbid process by Duchenne (Arch. 
g4n6r., Sept., Oct., 1860) and was called by him labic-glosso-p Laryngeal 
paralysis. At a later period Wachsmuth, in a monograph which he 
devoted to the consideration of this disease (Ueber progresaivo Bulbaer- 
paralyse und Diplegia facialis, Dorpat, 1864), succeeded, by m.p^i.'ns of in- 
duction, in associating its symptomatology with successive destruction of 
the nerve nuclei of the fourth ventricle and with secondary degeneration 
of the peripheral nerve trunks. But it needed other and more recent 
investigations to fully clear up the anatomical characters of the disease 
and its relations to certain allied forms. I have proposed to substitute 
the simpler and more exact title of paralysis of the nerve nuclei or bulbar 
nuclei for the compleK terms hitherto employed. 



Pathological Anatomy. 

The most evident and long since recognized lesions are the atrophy 
of the cranial nerves which were paralyzed during life. In addition to 
atrophy of the roots of the hypoglossal and facial nerves, recognized by 
Trousseau, Dumenil, and Wachsmuth, the roots of the accessory, glos.so- 
pharyngeal and pneumogastric nerves have, more recently, been found 
flattened, transparent, grayish, and in a condition of fibrous degeneration 
(Charcot, Leyden, Hun, etc.). The corresponding nerve trunks, sometimes, 
also present an atrophic degeneration in a centrifugal direction. 

It is onlv since the most recent researches of Charcot and Joffroy 
(Arch, de Physiol., 1870), of Duchenne (Arch, gi^n^r., 1870), of Hun 
(Amer. Journ. of Insanity, 1871), and of Leyden (Arch. f. Psych., IL u. 
III. Bd., 1870 and 1872), that attention has been directed to changes in 
the nuclei of origin of the bulbar nerves situated in the fourth ventricle. 
Of the nerve nuclei arranged like a mosaio upon the floor of the ventricle, 
the degeneration is chiefly found in the nucleus of the hypogiossua 
(Situated immediately in contact with the median line), when the disease 



a in the inferior half. When the process extends, it reaches the 
i of the pneumogastrio and spinal accessory, which are situated 
more to the outside. The nucleus of the glosso-pharyngeal, which is situ- 
ated entirely to one side, ia usually unaffected. If the disease passes 
beyond the transverse limit marked out by the medullary (acoustic) 
Btrire, it will involve, in the upper part of the fourth ventricle, the nuclei 
of the facial and external motor-ocuh nerves. The acOuatic nucleus, situ- 
ated more to the outside, and the motor nucleus of the trigeminus, 
hidden further upwards in the fossa cierulea, generally appear intact. 
The latter was found degenerated once by Duchenne and the sensory 
nucleus of the trigeminus in one case by Charcot. 

The ganglion cells of the nerve nuclei then lose their stellate form and 
become shrunken, smaller and of a dull ochre color. The prolongations and 
nuclei are rudimentary or even completely atrophied. The cells are filled 
with pigment and granular matter, the nucleus and nucleolus present a 
■vitreous, shining appearance (yellow degeneration of Charcot), and are 
separated from one another by large spaces. According to the latter 
author, the ganglion cells are ten to twelve times less frequent than in the 
normal condition. In the majority of cases similar degenerations are 

» found in the cells of the anterior horns of the spinal cord, together with 
intense vascularization. The posterior horns do not take part in these 
changes, with the esception of Kussmaul's case (Volkmann's Samml. klin. 
Vortraege, 1873), in which Maier found some granular cells in the posterior 
horns of the cervical cord. 

The hyperplasia of connective tissue, which is even found in the floor 
of the fourth ventricle, extends in a downward direction, along the inter- 
nal portion of the anterior columns and the posterior part of the lateral 
columns, as in atrophic degeneration of apoplectic origin (Tuerck). In an 
upward direction it sometimes affects the fibres of the pyramids and their 
prolongations in the pons and cerebral peduncles (Leyden, Maier). The 
olivary bodies are more rarely involved, the posterior columns and the 
restiform bodies which are derived from them, escaping degeneration. 
The neuroglia undergoes proliferation and encloses atrophied nerve-tuhea, 
filled with fatty granulations and with swollen axis cylinders. When the 
latter are atrophied, we only find pale nerve fibres, deprived of myeline, 
mixed with amyloid corpuscles and large stellate cells (hypertrophy and 
infiltration of the reticulum of the neuroglia). The vascular walls are 
thickened and strewn with fatty granules and shining nuclei, which are 
also found, according to Maier, in the vessels of the central gray masses 
with consequent diminution of their lumen. It is rare that tliese changes 
are confined to the motor nuclei, as in Charcot's, Duchenno's, and Joffroy's 
cases. In the majority of cases the sclerotic process and the vascular 
lesions accompanying it, secondarily affect the nervous tissue and nucleL 

The muscular tissue itself is more or less changed. The muscles present 
a whitish-red appearance and their fibres are either markedly thinned with 
preservation of the striie, or they are affected with fatty or waxy degen- 
eration. Considerable fatty tissue is found between the muscular fibrfis, 
especially in the tongue. Proliferation of the nuclei of the sarcolemma, 
and of the interstitial tissue, in addition to granular infiltration of the fibres, 
are found, according to Charcot, in the emaciated muscles of the tongue^ 
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Cold, violent emotions, exaggerated muscular efforts, traumatic ooa- 
cussiona of the head, and syphiTis (Cheadle and SUver) are mentioned as 
causes of primary labio-B;losso-pharyngeal paralysis. The large majority 
of cases occurred in patients from forty to seventy years of age, and tew 
examples have been observed above or below these limits. The male sex 
b much more frequently affected. Since the etiological factors may affect 
all professions alLke, we can readily comprebend why the disease occurs 
in all classes of society. Heredity has exerted no influence in any case 
hitherto reported. In the secondary forms, which we shall discuss further 
on, the pathogeny depends upon the primary disease. 



Symptomatology. 

The prodromata of lab io-glosso -pharyngeal paralysis sometimes con- 
sist of pains in the head and nock, s. feeling of compression in the ohest 
and throat, especially in speaking, and rarely of apoplectiform attacks. 
Generally, the course of the disease is very insidious. The patients appear 
to be in good health, and the first disturbances in the movements of the 
tongue pass unnoticed. Little by little the patient encounters more and 
more difficulty in speaking and eating. These two functions are accom- 
plished with unusual effort and induce considerable fatigue. The dis- 
order of speech is especially noticeable in the pronunciation of those con- 
sonants which are uttered by expelling the expired air, when the anterior 
part of the tongue is applied against the upper incisors or the anterior 
portion of the arch of the palate (d, t, I, n, s), or in the pronunciation of 
those consonants which are essentially produced by the approximation o( 
the posterior halves of the tongue and palatine arch (k, g, and the aspirate 
letters ch, j). At a later period paralysis appears in the territory of the 
facial nerve. The movements and occlusion of the lips become difficult, 
together with the pronunciation of the labials (b, p, f, v, w, m) and of 
tlie vowels o and u. The patient can no longer whisper, suckle, whistle 
or kiss. Paralysis of the muscles of the velum palati and of the pharynx 
then develops, with inability to close the nasal fossas, nasal twang of the 
voice, frequent regurgitation of liquids and, at a more advanced stage, 
dysphagia. The latter symptom varies in its character according to the 
degree of paralysis of the tongue and inferior muscles of the pharynx. 
At the beginning of the paralysis of the constrictors of the pharynx, the 
patient endeavors, by violent efforts of deglutition, to swallow the poi^ 
tions of food which are retained in the moutb SJid gullet, and the arrest 
of large pieces of food may place him in danger of suffocation. If the 
tongue, which presides over the formation and insalivation of the alimen- 
tary bolus, is still able with its root to cause complete occlusion by low- 
ering of the epiglottis, and if the larynx is not yet paralyzed, the patient 
can readily cause soft and liquid fluid to pass into the pharynx. But if 
the paralysis prevents tliB proper closure of the larynx, demonstrated by 
Brutis by means of the laryngoscope (contact of the arytenoid cartilages 
with lateral narrowing of the larynx), then solid particles are better swal- 
lowed than liquids. The latter readily penetrate into the larynx and 
provoke violent cough and a paroxysm of suffocation. The succession 
of the symptoms is laverted in some oases, and an early paralysis ia ob- 
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■erred in the muBclea of the velum palati and pharynx, followed later by 
disorders of speech and respiration (Duchenne, Euleuburg). 

The progressive disturbances in the articulation of sounds, in dei;luti- 
tion and in the movements of the lower jaw, are aGcompa.med by an abun 
dant and troublesome salivation, which is not explained by the dysphngra 
&lon.e. Increase of the salivary secretion is not alone of a paralytic char- 
acter, as CI. Bernard has observed after experimeatal section of the chorda 
tympani ; we must rather attribute it, on account of the character of the 
jffimary disease, to irritation of the salivary centre discovered by Gruetz- 
ner (Pfluoger's Arch. f. Phys., 7. Bd., 1873) in the medulla oblongata, in 
consequence of central irritation of the fibres of origin of the chorda tym- 
pani and sympathetic nerves. In most cases the paralytic disturbanct^s 
of speech &nd deglutition are also accompanied by feebleness and paralysis 
of the voice, terminating finally in its complete extinction. Laryngo- 
icopic examination reveals paralysis of the vocal cords (Gerhardt, Fauvel, 
Ziemssen). In addition to this paralysis I have twice been able to de- 
tect the coexistence of amesthesia of the pharynx and larynx, and thia 
may, in exceptional cases, constitute one of the initial symptoms. In two 
of Kussmaul's patients, who were unable to speak but were still capable 
of moaning or laughing, the vibrations and immobilization of the vocal 
cords were abolished, and the glottis appeared like a gaping opening of 
an elliptical shape. Mechanical hyperemia and catarrh may be produced 
by the penetration of mucus and debris of food into the larynx. Even 
the bronchi and lungs may be seriously implicated from the same causes. 

While the paralytic disorders are increasing in the domain of the hypo- 
glossal, facial, and spinal accessory nerves, the continued progress of the 
affection also terminates in functional disorders of the pneumogastric nerve. 
These consist of attacks of dyspncea, occurring after exertion or even dur- 
ing the night, and tbey may result in sudden death. The slowing of the 
pulse, which is sometimes observed {according to Duchenne), and the sud- 
den and fatal arrest of the heart's action, are due to irritation of the pneu- 
mogastric nerve. On the other hand, the final irregularity and excessive 
acceleration of the heart, observed by Mignard, indicate paralysis of the 
motor filaments of the pneumogastric nerve of the nuclei situated in the 
upper half of the fourth ventricle ; the disease especially attacks the in- 
ferior ganglion cells of the facial, and ,those of the motor portion of the 
trigemmai. The nuclei situated laterally and more anteriorly are more 
rarely affected by the extension of the lesions, though Eulenburg has ob- 
Berved paresis of one of the external motor oculi nerves and progressive 
feebleness of audition among the initial symptoms. Herold has twice 
Been unilateral paralysis of the motor oculi communis. In certain cases 
the paralysis predominates in the upper branches of the facial nerve, or 

(facial diplegia develops from lesions of the superior cells of the nucleus 
ef this nerve. If the degeneration extends backwards it will involve 
Ibe fibres of the pyramids. This gives rise to paralyses of the upper 
kud lower limbs, of the muscles of the trunk, of the sphincters, and even 
bauses impotence (as in one of my patients). The sensory disturbances 
consist, at the onset, of pains in the forehead, occiput or neck, of dimi- 
nution of sensibility in the hands or legs, upon the mucous membrane 
of the mouth and fauces, and even complete abolition of reflex excitability. 
The intelligence and functions of special sense are unaffected; the appetite 
anil digestion are also unimpaii'ed. Fever does not develop unless caused 
by some complication. 

Hie electrical ai d reflex excitability of the paralyzed muscles variei 
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according to the intensity of the nervoua and muscular d«geneTation& 
The electro-muscular contractility was nonnal in the majority of oases ob- 
served by Duchenne, Leyden, etc., and by myself. Nevertheless, I have 

sometimes found it markedly diminished and, in some cases, it has been 
eveti completely abolished (Wachsmuth, lienedikt). Galvanic irritatiin 
may produce movements of deglutition b^ reflex means or through the 
medium of the hypoglossal nerve. Galvamzation of the facial is followed, 
according to Sohulz, by arrest of the salivary hypersecretion, Labio-g-losao- 
pharyngeal paralysis may occur as an afFectiou restricted to the bulbar 
nuclei, or it may follow, as a secondary process, other degenerations which 
have originated in the cervical cord or gray matter of the cord. The 
flymptoms of labio-gloaso-pharyngeal paralysis sometimes appear, during 
the course of the primary aSection, in dementia paralytica, in dissemi- 
nated oerebro-spinal sclerosis, and in softening of t!ie pons and cervical 
cord, v^ith secondary atrophy of the medulla oblongata (Gerhard's case, 
after injury to the skull). 

In progressive muscular atropliy, which is caused, as we shall see fur- 
ther on, by degeneration of the ceils of the anterior horns, the morbid 
process may extend through the cervical cord and involve the nuclei of 
origin situated in the floor of the fourth ventricle, or the disease, begm- 
ning in the bulbar nuclei, extends to the anterior horns, thus explaining 
the frequent complication with secondary muscular atrophy. The nervous 
lesions give rise then, according to their ascending or descending direc- 
tion in the gray columns of the cord (or, according to Gerlach, in the gray 
meshwork of nerve fibres), to all the symptomatic forms of one and the 
Bame morbid process, the grouping and succession of symptoms depend- 
ing upon the different points of origin and on tlie combinations of the 
lesions. Pathological anatomy and cUnical observation corroborate the 
truth of this statement. 

At a more advanced stage of the disease symptoms of inanition de- 
velop (nutrition being impaired and the patient being unable to satisfy his 
hunger), with general emaciation and muscular relaxation, which render 
all movements dilScult. In the majority of cases severe medullary symp- 
toms develop at a later period. The rachialgia and periodical neuralgias 
in the limbs are often the forerunners of the atrophy and paralysis. When 
the cervical cord is first involved, the lesions affect the thenar and hypo- 
thenar eminences, the interosaei muscles, then the tongue (with fibrillary 
tremors) and the rotators and flexors of the head, which then falls upon 
the chest. When the lesions extend upwards the paralysis involves the 
diaphragm, the muscles of the trunk and of the upper and lower limbs, in 
which contractures are also produced. This association of bulbar and 
spinal paralyses completes the sad picture of the disease in its most severe 
form. Incapable of speaking and moving, the unhappy patient must be 
fed by others, and is irretrievably lost. He can manifest his mental suf- 
ferings with the eyes alone, and presents the most terrible picture of hu- 
man decline conceivable. The disease may last from one to three years. 
The patients die from suffocation, marasmui?, inanition, apacea, paralysis 
of the diaphragm or heart, or from pulmonary hypostasis. 

J}iaffnosis and Prognosis. 

The paralysis of the bulbar nuclei usually begins w-ith slight and i 
lated symptoms, such as pains in the head or neck, slight embarraaameut 
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of Bpeech or deglutition, a feeling of stiSness in the lips anil, more rarely, 
paroxyaras of dyspncsa or apoplectiform attacks. Tliese symptoms do not 
furnish sufficient grounds to permit a diag'nosis of the grave disease which 
is developing. The steady progress, and especially the succession of dis- 
turbances of the tongue, tips, and deglutition, reveal to the physician all 
the dangers which threaten his patient. 

We must carefully oonsider all the symptoms, and not make a hastr 
diagnosis of labio-glosso-pharyngeal paralysis, since disorders of degluti- 
tion, of movements of the tongue and of speech, with marked saliva- 
tion, may exist in hysteria, insanity, disseminated sclerosis, and in other 
localized lesions (from alteration of the nuclei and roots of the nerves), and 
aince these forms of disease may be recovered from. The case must bo 
■watched with great care and for a long period. The final appearance of 
motor and sensory disturbances characteristic of hysteria, of insanity, of 
cerebral and spinal paralyses, of disorders of the senses, etc., enables us to 
recognize the disease with which we have to deal. 

Symptoms of labio-glosso-pharyneal paralysis may occur incidentally 
in irritation of the cervical cord. Thus, I observed a case o£ commen- 
cing ataxia, with neuralgic pains in the neok and arms, intermittent sci- 
atic, girdling pains, and rapid fatigue. Inability to swallow solid food 
(probably of spasrnodio origin) was also present in the beginning, with 
embarrassment of speech, paresis of the lower facial muscles on tlie left 
aide, and abundant salivation on certain days. This condition lasted 
about six months, being undoubtedly due to persistent hyperfflmia of the 
medulla oblongata, and completely disappeared under electrical and hy- 
dropathic treatment directed against the spinal affection. The latter per- 
sisted, however, its symptoms becoming aggravated, and it continues to 
the present day. 

Embolism of one of the vertebral arteries may also give rise to symp- 
toms of labio-glosso-pharyngeal paralysis, from obliteration of the ante- 
rior spinal artery and of its median branches which supply the nuclei of 
the spinal accessory, hypoglossal, and the inferior nucleus of the facial 
nerve (as Duret has shown). In a case of this kind published by Proust 
(Comptea rendus de la Soo, de Biol., 1869), the autopsy revealed oblitera- 
tion of the upper half of the vertebral artery and of the inferior cerebellar 
artery, with softening of the corresponding cerebellar lobe. In an analo- 

fous case published by Leyden (Congress of German Naturalists, Inns- 
ruck, 1369), a hemorrhage, with softening of the pons and medulla, was 
found upon autopsy. The vessels were seriously diseased, and the atro- 
phied nervous elements were replaced by compact fibrous tissue. JofEroy's 
patient (Gas. m^d., 1873) recovered. The differential diagnosis in all these 
oases depended upon the sudden (apoplectiform) appearance of the symp- 
toms of labio-gliisso-pharyngeal paralysis, upon the presence of hemiplegia, 
anesthesia, variations in the paralyses, and the coexisting disorders of 
sight and hearing. Tumors and cironmaeribed inflammatory processes at 
the base of the brain may also during life assume the appearances of 
labio-glosso-pharyngeal paralysis, on account of the compression of the 
roots of several bulbar nerves. But in tumors, which we shall discuss 

' further on, we find, in the beginning, neuralgia followed by anjesthesia of 
the trigeminal nerve, clonic convulsions of the muscles of the face and 
tongue, disorders of smell and audition, the voice remaining intact — all of 
vhich symptoms are not found in the classical history of labio-glosso- 
pharyngeal paralysis properly speaking. The characteristic signs in mul- 

I tJple paralyses of the cranial nerves, due to circumscribed meningitis at 
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perioBtitis at the base (as in Graefe's and Vircfaow'a cases), oonsist ot 
chronic cephalalgia, vertigo, ptosis, various ocular paralyses, sad final (iia- 
turbances of deglutition and respiration. 

The chief symptoras of the diseases of the posterior cerebral fossie consist, 
in addition to disorders nf deglutition and of the articulation of sounds, of 
enfeebled hearing, nystagmus, paralysis of the external motor oculi, stag- 
geiing gait, and paresis involving all the limbs. In the varieties which 



are due to syphilis (Cheadle's and Silver's case), the previous history, the 
heiniplegic disorders appearing from time to time, and the rapid cessation 
of all the symptoms upon the employment of iodide of potassium, will 
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suffice to enable us to recognize the real character of the affectioi . 
f'inally, bulbar facial diplegia is readily distinguished by the double 
peripheral paralysis of the face. In bulbar facial diplegia, when limited 
to the lower, or more rarely to the upper muscles of the face, the charao* 
teristic signs consist of the gradual appearance of the paralysis, dissocia- 
tion of the movements of the lace, the coexistence of paralyses of the 
tongue, lips, pharynx, and jaw, profuse salivation, aphonia, symptoms of 
paralysis of the pneumogastric, and persistent difficulty in deglutition, 
the nose being closed fon account of the weakness of the tongue). On 
the other hand, double peripheral prosoplegia (facial paralysis) is less 
serious, and is usually characterized by complete paralysis from the outset 
(with frequent abolition of faradic and increase of galvanic contractility), 
by the immobility and stiffness of the features, by the trivial disturbance 
in the pronunciation of labials, and by the preservation of the movements 
of the tongue, the integrity of the timbre of the voice, and finally by the 
diminution of the difficulty of deglutition when the nose is closed (by 
the action of the air enclosed in the nasal fossie). 

With regard to prognosis, nearly all observers agree in regarding the cen- 
tral lesions of labio-glosso-pharyngeal paralysis as incapable of being ar- 
rested in their progress and as inevitably fatal. I have observed twelve 
oases, some simple, the others complicated by progressive muscular atrophv, 
Sometimes, in the less advanced forms, a period of arrest and even of im- 
provement is observed, lasting several weeks or months. But the final 
deterioration and fatal termination will occur, despite persevering treat- 
ment by electricity and hydro therapeutics. But Coppette and Tommasi 
have seen some cases, and Benedikt has also observed a considerable 
.number of cases of improvement and even of recovery. Kussmaul (1. c.) 
has submitted observations of this kind to very rigorous criticism. It is 
impossible for us, at present, to explain how the catalytic and antiphlo- 
^stic action, which is attributed to the galvanic current, can occur in 
uiese cases, and how it reacts upon lesions occurring in the delicate frame- 
work of the nerve elements, either when it is applied to the sympathetio 
(Charcot and Maier have found this intact, and it does not, therefore, act 
as a cause in the disease in question), or when applied to the mastoid 
processes. In the present state of our knowledge, we must restrict our- 
Belvea to deploring the inexorable gravity of the facts, without yielding 
to a deceptive optimism. 

TVeatment. 

In the first weeks or months after the appearance of suspicious symp- 
toms, the measures indicated in robust individuals consist of local bleed- 
ings from the neck Or mastoid processes uud the prolonged application 
Then we may employ strong galvanic currents along the 
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Oervioal yertebrte and along the course of the hypoglossal neiTea (contin- 
ned dailj for weeks and months), producing thereby frequent movements 
of deglutition, Benedikt recommends galvanization of the sympathetio 
nerve in the cervical region and through the mastoid processes and, 
when paralysis of the diaphragm occurs, stimulation of the phrenic nerve. 
The hypersecretion of saliva may be arrested by hypodermic injections of 
atropine which produce, according to Heidenhain, irritation of the secre- 
tory celis. 

Internal medication (nitrate of silver, iron, strychnine, phosphorus) 
has not produced any notable results. I have obtained in the beginning 
more lasting and positive effects from cold effusions to the cervical por- 
tion of the spine while the patient is in a, warm half-bath, an<] from 
pouches to the anterior and posterior parts of the neck. With regard to 
.the selection of food, we must be careful toadministeronly soft substances 
and in small mouthfuls. When the dysphagia ia very marked, our only 
wosource consists in artificial alimentation by means of the cesophageal 
■ound. In Blumenthal's case, tracheotomy was performed on account of 
the intense dyspnoea (of a laryngeal nature). The introduction and con- 
tinued use of the canula caused the cessation of the attacks of suffocation; 
the paralysis of deglutition and speech continued its progress. 



K- o. Tumors of the Medulla Oblongata. 

The medulla oblongata may be compressed or pushed to one side, and 
is sometimes the seat of haemorrhages or foci of softening in consequence 
of the presence of tumors, which may either develop within its substance 
or from the base of the brain or cerebellum, especially from the middle 
lobe. The cases collected by Ladame (I.e.) present no characteristic symp* 
toms. It is only within the last few years that some examples of very 
sharply defined tumors have been observed, which were manifested by 
symptoms sufficiently dear to make a diagnosis possible and thus fur- 
lushed important data for the symptomatology of diseases of the medulla 
oblongata. 

Id ErlchBen'B obserratrioa (Fetera. Zeitecbr., 2 H., 1870], the diBense was character- 
lied by headache, dilatation oC the pupila, natiHeB, vomiting of food, and obstinate hio- 
eough. At a later period, temporarj contraoturea and iiiaenHihility developed in tliS 
right arm, with persistent aa^estbeeia of the right half of the face, nplionia (from 
paralyeia of tbc vocal corde). paresis of the right balf of the velum pnluti, and, Gnullr, 
pamtf£LB of the bludder. On aocoant of the sinmltaneooB and diaiinct affection of the 
pneamogaBtric. epinal accessory, trigeminal and phrenic nerves, e, diagnosis was made 
of tumor of the riglit half of the medulla, and woa oonfirmed npon BUtopsy. A tubeicle, 
larger thou on almond, wna found occupying ahalf of the medulla oblongata, penetraE- 
ii^ freely into the fourth veotricle, and extending from the substantia ferrugiuea to 
(hs lower limit of the calamus soriptorius. 

Edwards' potiant (Brit. Med. Jonm., Feb., 1870) snffered from converging strabia- 
muB, wcokneBi! of the legs, disturbance of deglutition; later, the patient could only 
drag hinuelf along', Mb speech was unintelligible, and during the night ho gave uttei- 
anoe to groans and moans. Finally, vomiting, hiocongh, dysphagia, alalia, abdominal 
respiration, incaDtinence of fceue.'j, paralysis of the legs and then of the arms, super- 
vened. At the autopsy, a tumor was discovered occupying the centre of the medulla 
oblongata. In Voisin'a case (Annal medpsych., Jan., 1871), the labio-gloaso-pharyo- 
eeal paralysis appeared suddenly with salivation, dyspncea. and lass of taste and faear- 
Ing. Upon autopsy, two epitheliomata were fonnd upon the anterior and posterior 
portions of the cerebral hemispheres ; the one ou tho left side, which was as large as a 
oaHl-nat, penetrated between the mednlla oblongata and cerebellum and compressed 
(he aoouatio, facial, hypoglosoal, spinal aooeBsory and glosio-phaiyngeal nerves, whicb 
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were niukedl; atropbied. Banlz's patient (Aroh. (. Heilk., Bd. XTTI.. I8T3), pretenM 
the syraptoms of lablo-j-loeso- pharyngeal paral^Bi'ii, without dyepncea or aphonia, bol 
with diminiBhed Bensibilit; in the integnment at the (hob nod head, all theae ajinp- 
totUB being preceded bj IrigemiiiBj neuialeia und apasiOB, fullowed by paralyids of ths 
toDgue and labial commissnreB. Kt the aatopey, an eu chondroma was fonnd at thg 
bnee of ttie Bkull. witti compression of and hiemorihage in the medulla oblongata, 
nrhtch uraa panhed to the right side. The larger nnmbei of the bnlbar nerres were in 
a condition of fatt; degenention, bnt the gaoglioii-cellB of the nuclei of origin wen 

Independently of the bulbar symptotns, which we have meotioned, and 
of labio-glosso-pharyiigeal paralj'ais, nliioh U recognized, in these cases, 
by iCB ufiusual progress and by the coexistence of neuralgia, muscular 
Epasms, anxsthesia, and disorders of the special senses, compreasion of tha 
medulla oblongata by tumors may also give rise to the Cbeyne-Stokei' 
respiratory phenomenon, which we have investigated above, and to modi- 
fications of the urine. 

The latter vaiy, according as the lesion affects this or that centre of 
vascular innervation in the cord. Perroud has published a case (Lyon. 
M^d., 33, 1869) of syphiloma of the tonsillar lobe of the cerebellum, with 
compression of the upper part of the fourth ventricle, in which polyuria 
had occurred (}uring life. Not infrequently, albuminuria occurs in turaoia 
compressing the medulla oblongata. Diabetes is a characteristic symptom 
of tumors of the fourth ventricle, which are manifested by signs of com- 
pression of the adjacent parts (tubercula quadrigemina, cerebellum, me- 
dulla oblongata). 

Sugar appeared in the nrine in Reckliughanaen's oase (Tiich. Arch., TTTTY . Bd.) of 
fibrous tumor of the choroid plexus of the fourth ventrtole. Hosier has sinoe pub- 
lished another case (Vircb. Arch., XLIII. Bd.) of veitigo, periodical headache, espe- 
oiaily in the occiput, vomiting pcrsistiDg an entire year, and diabetes in&ipldua. At the 
aatopB7, a bard tumor, ss large as a walnut, was found in the fourth ventricle, ei- 
tending anteriorly to the opening of the aqueduct of Sylvius, and fillicg up the veutn- 
ole posteriorly. The cerebellum and medulla oblongata were indented at this point. 
A mioroBcopical examination of the tumor by Yircbow showed its etraoture to be thit 
of a largo cell gUo-sarooma. It was, in fact, a glioma of the upper part of tike qien- 

We know from the experiments of Claude Bernard that the urine in- 
creases in quantity and contains sugar, after lesion of the floor of ths 
fourth ventricle between the origins of the pneumo-gastrio and acoustio 
nerves. If the lesion is produced higher up, the urine is more apt to 
contain albumen. As Schifl demonstrated, at a later period, the lesion 
produced by Claude Bernard involved the centre of the vascular nervei 
of the liver. The latter pass through the upper part of the anterior col- 
umns and the communicating branches into the sympathetic, the splanch- 
nic brunches and the nerves of the hepatic plexus. A lesion, produced 
in any part of this course, will give rise to diabetes. According to recent 
researches by Cyon and Aladoff (Bulletin de I'Acad. des Sciene. de Saint- 
Petersb., 1871, T. X VI.j, the nerve fibres, which preside over the production 
of diabetes, also contain fibres which cause contraction of the hepatio 
arteries. The artificial diabetes is, therefore, explained by paralysis ot 
these nerves and increase of the current of blood in the dilated hepatio 
vessels. Simple hydruria indicates lesion of the medullary centre of T&ft- 
Dulai innervation of the kidneys. 
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^DISEASES OF THE MENINGES AND PARENCHYMA OF THE CORD. 



GENERAL CHARACTERISTICS OF SPINAL DISEASES. 

CoNTEMPOBiRT medicine has applied all its energies to dissipating the 
' profound obscurity which has hitherto enveloped the diseases of the spi- 
nal cord. The progress of histology and experimentatioD and careful 
clinical investigations have equally contributed towards this end. In 
proportion as their light is thrown upon them, the morbid forms and 
types hitherto unrecognized, grow more clear, take their place in the 
growing list of our observations, and permit us to hope that other phe- 
nomena, which are still obscure, will follow in their course. Spinal dist^ascs, 
for a long time misconstrued and passed by in silence, have been the sub- 
ject of profound study during our own times, which have especially con- 
tributed towards perfecting the diagnosis and treatment of thia class of 
diseases. 

Spinal lesions and their situation are manifested by an ensemble of 
functional disorders which occur in the principal paths of the transmission 
of motion and sensation, and also in the domain of the trophic nerves, the 
nerves of vegetative life and the sympathetio system. In the majority of 
. cases, symptoms of irritation predominate in the beginning and are only 
!ollowed, at a later period, by signs of depression. 

The initial irritation is manifested, on the part of the sensory nerves, 

;algic pains, hypersesthesia and formication. Neuralgic pains of 

(various kinds occur in oertain affections of the meninges, spinal cord, and 

rertebrte. The pain appears in the head and face, if the irritation of the 

e trunks originates in the spinal cord or medulla oblongata. Rachi- 

klgiA develops in the cervical, dorsal or lumbar regions (with or without 

pam on pressure over certain vertobrie), when the irritation exists in the 

B^stcrior branches of the spinal roots. Neuralgic pains appear jn the 

•upper or lower extremities in vascular or inflammatory irritation of the 

[■ posterior columns or roots, or of their prolongations in the gray substance. 

These pains, according to their intensity and character, are dull, shooting, 

lancinating, or boring. They affect the skin, muscles or bones, and 

depend upon the situation and nature of the spinal lesion. The girdling 

pain is a neuralgic pain starting from the spinal column and encircling 

L the trunk. Hyperjesthesia of the skin or muscles may be accompanied, 

■in spinal affections, by neuralgic pains or it may appear independently o( 

■ the latter, Dysssthesia (Charcot), that is to say, distressing sensations of 
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vibration following slight irritation, is only a variety of bypenesthesia 
Finally, formications consist of siight irritations, usually due to compres- 
Bion of the nerve roots, propagated from one fibre to another and under- 
going instantaneous modifications. 

The symptonis of depression on the part of the sensory nerves, occur- 
ring in spinal affections, consist of general dulness of sensibility, numb- 
oess, and even complete abolition of sensibility or aniesthesia. The latter, 
as I have demonstrated, corresponds to the distribution of the cutaneous 
nerves, discovered by Voigt. According to recent researches, we may, 
in addition, observe objective difEerences in the abolition of certain vane- 
ties of sensation (such as paralysis limited to tactile sensibility). 

In order to recognize, objectively, the sensory disturbances of spinal 
origin, we must carefully ejtamine the various qualities of sensibility hy 
scientific and rigorous means. Before entering into the discussion of thts 
question, we may state that, from a practical point of view, we can obtain 
useful data concerning the changes in the various forms of sensibility, 
without having recourse to prolonged or difficult investigations. Tactile 
sensibility may be estimated by examining the skin with the finger under 
cloth, or directly by means of a piece of cloth or linen or with a pin. The 
aensibility to pain may be judged by pricking or pinching the akin or by 
pulling the hairs in diiferent localities; the sensibility to temperature by 
means of a spoon or thermometer plunged into hot or cold water aiid ap- 
plied immediately to the skin. 

More delicate methods of exploration enable us to detect partial dis- 
turbances of sensation. Tactilo sensibility and the notion of space sepa- 
rating two impressions are measurable by Weber's compass or Sieveking'a 
tEsthesiometer, To determine the sensibility to pressure, we may omploy 
various weights (E. H. Weber) or apply an india-rubber sac filled with 
water upon that portion of the skin which we wish to examine, and ascer- 
tain the weakest impulse conveyed to the fluid which can be perceived by 
the patient (Goltz). We may also employ Eulenburg's ieethesio meter. 
Thi'a is composed of a spiral spring, which presses more or less strongly, 
according to its tension, upon a plate of caoutchouc. This compression 
is then transmitted, by means of a rod and cog-wheel, to an index con- 
nected with a graduated dial. The sensibility to temperature is deter- 
mined by plunging a finger alternately into two vessels filled with water 
at different temperatures (E. H. Weber) or by placing, upon the skin, 
cylinders of copper filled with water, surrounded by a poor conductor and 
carrying a thermometer in the lid (Nothnagel), 

The aensibility of the skin to pain may be measured by means of fara- 
dization, after removing the secondary coil. The electro -muscular sen- 
Bibility may be measured, in intelligent patients, by the feeling of con- 
traction experienced in the muscles when they are stimulated by the pri- 
mary current. Dj order to recognize the condition of the muscular sense, 
it is necessary, according to Weber, that the patient lift different weights 
(notion of muscular energy). 

The sensation of the position of the limbs (Leyden), which is preserved 
in purely motor, but not in sensory paralyses, and which resides in the 
sensory nerves of the skin, muscles, and joints, can be examined by sub- 
jecting difEerent portions of the limbs to passive and faradio movements. 
Reflex excitability is determined by means of mechanical irritation and 
still better by electricity. 

The different varieties of sensibility are unequally affected in spinal 
lesions. They constil ite partial paralyses of sensibility of a variable dun- 
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and &re rarely pernifinent. Thus, in the majority of uasea, the sen- 
Bibility to tickling disappears first, tlien the sensibility to contact and 
pressure, then to temperature, and finally to pain. 

Schiff, in accordance with his experimental investigations, considers 
loss of tactile sensibility with preservation of sensibility to pain as anses- 
thesia properly speaking-. He connects it with a lesion limited to the pos- 
terior columns, and attributes the abolition of the sensibility to pain (anal- 
gesia or anodynia) to a lesion of the gray substance. But Brown-S^quard 
considers the gray substance (and especially its central portion) as the 
organ of transmission of both varieties of sensibihty. In the majority of 
spinal affectioiia, the disorders of aensibiUty which we have studied will 
not enable us to determine whether the lesion is limited to the posterior 
(jolumns or whether the gray substance is also affected at the same time. 
""le retardation of sensory perceptions depends (according to Leyden) 
ipon a resistance to transmission in the gray substance, and the retarda- 
tion of motor impuises (with manifest slowness of movements) to a disor- 
der of co-ordination. 

The following are the symptoms of irritation on the part of the motor 
nerves: spasms, tremors, muscular stiffness, contractures, tetanic and epi- 
leptiform attacks. The muscular spasms may be limited to certain fibres 
uid give rise to fibrillary contractions (aa in injuries to the cord and pro- 
gressive muscular atrophy); or they may consist of more intense clonic 
convulsions involving the limbs and trunk, being, most frequently, reflex 
spasms duo to irritation of the cord, especially of the gray matter. Tremor 
consists of muscular contractions with oscillations. It can be experiment- 
ally produced in decapitated animals, by stimulating the spinal cord by 
means of induced currents with slow intermissions. Tremor also occurSj 
under the influence of irregular stimuli transmitted through weakened 
motor fibres, in ataxia, sclerosis, myelitis, etc., especially after motor stim- 
ulation. 

Muscular stiffness is characterized by a peculiar rigidity and stiffness 
of voluntary movements, which can only be accomplished with great effort 
and after which the contracted muscles only gradually come to rest. Con- 
tractures with the peculiar attitudes which they cause the limbs to assume 
are either of an irritative, spasmodic nature (they then yield during sleep 
or under the influence of narcotics) or of naralytio origin (paralysis of the 
antagonists) or, finally, they result from circumscribed spinal lesions, aa 
]n sclerosis of the lateral columns. Tetanic symptoms are observed in 
spinal meningitis and injuries of the cord, in poisoning and In hysteria. 
They usually result from a morbid exaggeration of the reflex power of the 
gray substance of the cord, which Schroeder v. d. Kolk has found strongly 
congested and strewn with small hicmorrhages in the tetanus induced by 
Btrychnine. 

Finally, the epileptiform attacks (spinal epilepsy) which occur in spi- 

affections, such as caries of the vertebrse and traumatism, are directly 
mder the iniluenoe of the cord or, by reilex means, under the influence of 
certain peripheral nerves. In the latter case, the irritation is transmitted 
to the centre of general convulsions (pons and medulla). Experimental 
lesions of the cord and sciatic nerves (Brown-S6quard) bring into play, in 
the same way, the function of the cord as a conductor and terminate in 
epilepsy. 

The most characteristic symptoms of depression are represented by 
the extremely varied forms of spinal paralysis. The paraplegic type, 
liDOwn even to the ancients, chiefly involves the lower limbs with frequent 
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extension of the paralytic symptoms to tlie sensory nerves and to tL« 
sphincters of the bladder and anus. Paraplegia dolorosa is observed in 
compressions of slow progress, tta in cancer of the vertebra (Charcot). 
In circumscribed lesions of the cervical cord, the upper limbs may be alone 
paralyzed (cervical paraplegia). Unilateral spinal paralyses are rare; as 
examples of hemiplegia spinal paralyses, we may mention those which 
occur in circumscribed medullary lesions of the lateral column on tho 
opposite side, and sometimes also in ataxia. We observe more often 
that the other half of the body has not been completely spared by the dis- 
ease. In the true spinal hemiplegia of Brown-Sequard, we find in man, 
as he also observed in his experiments upon animals, motor and partial 
vaao-motor paralysis, with hyperaesthesia, on the side corresponding to 
the lesion, and paralysis of sensation with integrity of motion on the 
other half of the body. Spinal he mi paraplegia, or paralysis of one leg 
with crossed anaesthesia, is found in unilateral lesions of the cervical and 
lumbar cord. 

Alternate spinal paralysis, affecting the upper limb of one side and 
the lower limb on the opposite side, is produced in localized lesions of the 
pyramids, when the lesion involves the nerve fibres of the upper limbs 
before, and those of the lower limbs after, decussation. Spinal mono- 
plegia, or isolated paralysis of certain limbs or of certain groups of 
muscles, is found in caries of the vertebrte, infantile spinal paralysis, and 
in the beginning of progressive muscular atrophy. In these cases, other 
pathognomonic signs indicate the spinal origin of the isolated paralyses. 
We may finally mention general spinal paralysis, affecting all the limbs, 
though in different degrees. It usually results from progressive changes 
of the medullary parenchyma which, starting from the anterior half of 
the cord, as in multiple fractures of the vertebrae and tuberculosis of the 
gray matter, successively involves the gray horns and posterior columns, 
producing paralysis of the upper and lower limbs. 

Trophic disturbances may occur in the course of spinal paralyses, 
chiefly affecting the muscles of the paralyzed limbs. In the majority of 
spinal diseases, autopsy reveals, in the muscles of the limbs which have 
been rendered immovable, pallor and thinning of the fibres, advancing 
even to disappearance of the transverse striie and to fatty degeneration. 
The muscular atrophy is much more pronounced in those forms which in- 
vade the trophic centres situated in the anteriorhorns (progressive muscular 
atrophy, infantile spinal paralysis, etc.), or when these centres have ceased 
to be in communication with the peripheral nerves (compression of tho 
anterior roots, paralytic meningitis and neuritis). The emaciation of th« 
muscles is then rapid and considerable, the atrophy and paralysis often, 
thouffh not always, pursuing a parallel course. Hypertrophy of the skin, 
muscles, and bones, arthropathies, herpetic eruptions, and acute forms of 
bed-sore, also occur as trophic disorders in various spinal diseases. 

The electrical reactions of the paralyzed nerves and muscles are ex- 
tremely variable in the different forms of spinal affections. Circumscribed 
processes occupying the upper parts, with simple wasting of the muscles, 
do not give rise to noteworthy changes in the electrical reactions. In 
those forms of myelitis occupying the entire transverse diameter of the 
epinal axis, the galvanic excitability of the nerves and farado-musoular 
contractility progressively diminish and may even entirely disappear. In 
diseases which are characterized by a lesion of the trophic centres of the 
muscles, the disorders of the nutrition and activity of the muscles are 
frequently accompanied by abolition of their electrical excitability. But 
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Ftte two phenomena do not necessarily go hand in hand, and sometimM 
the atropny, sometimes the alteration of the electro-muscular excitability 
predominates. Gal va no-muscular reaction usually persists much longer 
than the farado -muscular reaction. In the irritative forms of tabes and 
in the stage of ataxia, we meet with abnormal increase of the galvanic ex- 
citability of the nerves to weak currents, and increase of the excursion of 
the limbs from applications of short duration or when the current is re- 
versed. 

In addition to the paralytic forms which we have referred to, we must 
also mention the disorders of co-ordination, the ataxias, peculiar to cer- 
tain spinal diseases. Voluntary motion is then preserved in the Individ- 
ual raiiscles, but there is more or less complete abolition of the complex 
movements which are produced by the synergic action of different mua- 
calar groups. According to recent researches, the lesions, in these oases, 
occur in the long paths of conduction, 'which maintain a constant relation 
between the centres of co-ordination situated in the mesocephalon and 
cerebellum (pons, tubercula quadrigemiiia, and cerebellum) and the system 
of ganglion -cells and paths of transmission in the posterior and anterior 
portions of the cord. We shall enter into this subject more in detail in 
the chapter upon ataxia. 

The various morbid conditions of the spinal cord may also produce 
considerable and serious disturbances in the nervous system of vegetative 
life and in the grand sympathetic. Not only the intensity of the spinal 
lesion, but also the height at which it is situated, exert a decisive influ- 
ence in this direction. In affections of the cervical cord and medulla 
oblongata, respiration, cardiac activity, and the motor nerves of the iris 
become involved. The centres of vascular innervation, which extend from 
the medulla oblongata to the spinal cord, according to the recent re- 
searches of Goltz, Vulpian, etc., and the vaso-motor nerves, which pass out 
in the anterior roots, are more or less involved in the various spinal dis- 
eases. We thus observe considerable elevation of temperature in trau- 
matic lesions of the cervical cord, in hysterical convulsions, and in spinal 
paraplegias and hemiplegias of acute origin. Reflex contraction of the 
vessels rarely occurs in the paralyzed limbs; but, on the other hand, wo 
usually ilnd chronic vascular dilatations and venous stases with cyanosis, 
cool skin, and osdcma. 

Disorders of digestion with constipation, meteorism, and, more rarely, 
rebellious diarrhosa, are obseri'ed in diseases of the cervical and lumbar 
portions of the cord, Goltz has seen diarrhcea occur in dogs, after de- 
struction of the lumbar cord. Irritation of the cervical and upper por- 
tion of the dorsal cord produces morbid increase o£ sexual desire and of the 
virile functions (as in the beginning of ataxia and general paralysis). 
Concussion and lesions of the cord (as in fractures of the vcrtebne) may 
rise to painful erections and priapism. Diminution of sexual desire 
mpotcnce may occur in chronic spinal diseases. According to Goltz'a 
Pecent researches (Pflueger's Arch., VIII. Bd., 1874), the reflex centre of 
Berection is situated in the lumbar portion of the cord. 

The lumbar portion of the cord also exerts a manifest influence upon 
le sensory and motor functions of the rectum and bladder. In menin- 
Fgitis and ataxia, the patients sometimes experience severe neuralgic pains 
and a feeling of constriction and intense tenesmus in the rectum or bladder. 
At a later period, sensibility becomes involved, causing loss of reflex excita- 
bility. Paralysis of the bladder may be produced, according to the latest 
experiments of Budge (Pflueger's Arch,, Bd, IL), by section of the snterioi 
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roots of the third, fourth, and fifth pairs of sacral nerres, which contain 
the motor fibres passing to the muscles of the bladder and urethra, and 
also by section of the posterior roots of the same nerves, which preside, by 
reflex action, over the tonus of these musplea. Even when the lumbar 
cord and reflex paths are intact, lesions of the cervical and dorsal regions 
may produce disturbance of the vesical functions by interrupting the 
action of the cerebral motor centres (contained in the peduncle) and their 
eonnoetioos with the anterior columns and sacral nerves. Retention of 
urine then occurs, with decomposition and consequent cystitis and pyelitis, 
which may hasten and still further aggravate the progress of the spinal 
affection. 

Participation of the brain in diseases of the spinal cord sometimes oc- 
curs from morbid processes, extending from the cord to the brain, from 
the cervical cord to the nuclei of the nerves at the base of the brain, or 
vice-vSraa. Cephalic symptoms of grave import are also produced as a 
final complication in severe diseases of the cord. The extension of morbid 
processes, in an ascending direction from the cord to the brain, is observed 
in inflammations of the spinal meninges, in myelitis and ataxia compli- 
cated with disease of the cranial nerves, in psychical disorders following 
Bpinal lesions of longstanding, and in diffuse central affections of a sclero- 
tic or syphilitic nature. Secondary degenerations of the cord from above 
downwards are produced in cerebral apoplexy and softening, and others 
are superadded to the cerebral symptoms nf progressive genera] paralysis. 

Cere bro-s pin al meningitis, tubercular forms of basilar meningitis and 
various kinds of extravasations and tumors, are also propagated from the 
brain to the cord. 

The cerebral symptoms of depression in diseases of the medulla oblon- 
gata may be complicated by convulsions and disturbances of respiration 
and deglutition, or they may follow inflammatory processes extending 
from below upwards (as in meningitis, caries of the vertebrse, etc.). Some- 
times they are of a pyasmio nature (in bed-sores, and purulent cystitis), 
and, at other times, they appear as " final phenomena " with strong fever, 
small and hurried pulse, difficult respiration, and dysphagia, when the bul- 
bar and vaso-motor centres are invaded by medullary processes of a rapid 
course. These conditions quickly terminate in fatal collapse, with delirium 
and coma. 

Finally, the nerves of the organs of special sense may become impli- 
cated by the extension of the spinal affection. The phenomenon of mosl 
frequent occurrence is the atrophy of the optic nerve, after which the 
ocular muscles and the pupils are the first affected. The acoustic, trigem- 
inal and facial nerves become involved in rare cases, when the degenerS' 
tions are propagated to the nuclei and roots of these nerves in the meduUfk 
Disorders on the part of the pneumogastric and spinal accessory nerval 
are exceptional. The motor nerves of the tongue may be affected in dif- 
fuse selero'iis of the nervous centres, in bulbar paralysis, in general paral 
ysis, and in ataxia. 

The diagnosis of spinal affections is made according to their symp 
tomatology, with the extent of which we are better acquainted at tb« 
present time, and according to the anatomical course of certain disorden 
The situation and extent of spinal lesions are usually determined with 
much more readiness than their anatomical characteristics. We have 
made consideralile progress in this direction, but miany points are still 
inyolved in doubt and obscurity. 
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I— DISEASES OF THE SPINAL MENINGES. 

The participation of the meniDg;es in Bpioal affections is as frequent 
and important as in diseases of the brain. The primary morbid changes 
in these membranea present considerable analogy within the skull and spinal 
canal. They only vary on account of the different conditions of the ve- 
nous circulation and of the stases and lowering of the circulation. The 
secondary lesions of the meninges, which supervene in the majority of 
Bpinal affections, are, to some extent, acoessory and of minor clinical im- 
portance. The following remarks refer especially to those morbid forms 

, which are peculiar to the spinal meninges and which are capable of being 

I distinguished clinically. 



CHAPTEK XVI. 

HTTER^MIA AND APOPLEXTT OP THB SPINAI. MKNTNGES, 

a. Hyperaamia of the Meninges and Cord. 

The older physicians and notably Ollivier regarded congestions of the 
cord (plethora spinalisl as very frequent; but this view was based less on 
positive facts than on tneoretical considerations, and even Abercrombie had 
opposed this notion. At the present day pathological anatomy is much 
more reserved with regard to the increase of the quantity of blood con- 
tained in the meninges and parenchyma of the spinal cord. We are not 
justified in admitting the evidence of spinal congestion unless we observe 
marked fulness of the vessels of the dura mater and pia mater, and a red, 
dark color of the tissue of the spinal cord, especially in the gray matter 
The ordinary position of the cadaver in dorsal decubitus, the stasis o' 
blood in the venous plexus of the lower part of the cord, the imbibition o' 
the tissues with the coloring matter of the blood under the influence ol 
putrefacti onfall these causes may produce cadaveric congestion, though 
this does not prove that the vascular repletion existed during life. On the 
other hand, very active but temporary congestions of the spinal system 
frequently occur during life, and leave no traces in the cadaver. 

In addition to marked fulness of the vessels, especially those of the 
pia mater, and the redness of sections of the cord, recognizable with a 
lens, we may also observe hiemorrhagic specks and a dark color of the 
(fray substance (which is richer in capillaries). This justifies us in regard- 
ing the process as an active congestion, and sometimes even as the oom- 
tnencement of inflammation of the spinal cord. These appearances are 
presented in certain cases of cerebro-spinal meningitis, typhoid fever, puer- 
peral diseases, acute exanthemata, etc. In the course of convulsions and 
of choreic and tetanic symptoms, we may observe venous hypersemia, 
which must be considered as terminal stases, and not as the caises of 
death. 

If, in order to appreciate the symptoms of congestion of the cord, we 
recur to cerebral hypersemia, whose signs surpass the former in frequency 
and oleamess; if we oppose the cephalalgia, dulness of sensibility, diffuse. 
pains in the limbs, the weakness of the tongue, of an arm or leg, whiob 
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are observed in cerebral hypcnpmia, to the lumbar pains, the numbnesa, 
formication and painful twitches in the legs, the sensation of heaviness in 
the lower limbs, which accompany spinal congestion, we will find a com- 
plete analogy between these two morbid coniTitions, an analogy which ie 
even more marked if we take into consideration the eimilarity of their 
causes, and the prompt recovery in which they both frequently terminaie. 

There are, on the other hand, certain objective signs of cerebral hyper- 
emia, such as redness of the face and conjunctivae, dilatation of the jugu- 
lar veins, throbbing of the carotids, nausea, vomiting, and mental excite- 
ment, which are observed with less diBtinctnesa in spinal hyperemia. We 
may also add that, in the latter, the respiration is often difficult, short, and 
incomplete. 

Among the causes of spinal hyperemia, we may mention, as most 
prominent, general irritation of the nervous system, which causes unusual 
fulness of the vessels in the brain and cord. 

The communications of the basilar and vertebral arteries, and of the 
anterior and posterior spinal arteries to which they give rise, favor the dis- 
tribution of the hyperemia throughout corresponding -territories of the 
brain and cord. In respiratory and circulatory disorders (organic diseases 
of the lungs and heart), especially in diseases and degenerations of the 
abdominal viscera and in stases of the portal system, the congestion espe- 
cially occurs in the lumbar venous plexuses. Their varicose dilatation and 
the consequent swelling and softening of the tissue of the spinal cord may 
accompany chronic hypenemia. 

Hypertemia of the spinal cord is frequently due to sexual excesses and 
onanism, which keep up long-continued symptoms of spinal irritation, and 
may terminate in tissue changes, when their influence is prolong^ed and 
exaggerated. 

The symptoms of spinal congestion also appear after violent and pro- 
longed efforts and after traumatic concussion of the vertebral column. A 
severe chilling, and the cessation of the menses or perspiration, which fre- 
quently occurs in consequence, may exercise a depressing action upon the 
vaso-motor centres, by a reflex influence of the vast nervous meshwork of 
the skin, and may give rise to the development of spinal hypertemia and 
even of tissue changes, as Feinberg has observed in eiperiments upon ani- 
mals coated with varnish. 

In these experiments, injection of the spinal meninges and gray matter 
was found, with dilatation of the capillaries and microscopic haemorrhages 
in considerable number. In some cases, proliferation of the neuroglia 
also occurred. We may finally add that Magnan (1. c) has noticed a dif- 
fuse rose color and vascular injection in thin sections of the cord in ani- 
mals poisoned with absinthe. 

The lumbar pains, the painful sensations and weakness of the legs, 
which temporarily occur in the course of severe febrile diseases, typhoid 
fever, acute exanthemata, puerpera' diseases, etc, should also be attrib- 
uted to the hyperemia of the cord, although this has been only directly 
demonstrated in a small number of cases. In morbid processes character- 
ized by spinal convulsions, such as tetanus, eclampsia, etc, intense hyper- 
emia occurs in the gray matter of the cord. The experiments of Fein- 
berg have shown that this is sufficient in itself to produce convulsions; 
but it is usually accompanied by capillary hemorrhages, which alter the 
tissue of the cord in numerous points. We shall, at a later period, recur, 
in detail, to the relations of spinal irritation to hyperaemia of the cord. 
The symptoms of spinal hyperasmia are generally irritative in character. 
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The rachialgia, which is situated in the lumbar or sacral regions, is a dull 
pain, increased by violent emotions, exertion, and sometimes even by dorsal 
decubitus. The paina radiate into the lower limbs, more rarely into the 
upper, and are attended by numbness or formication. Very often spasms 
are temporarily produced in various muscles. Reflex excitability is usu- 
ally increased; I have often seen marked increase of the galvanic excita- 
bility of the nerves. 

As symptoms of depression, we often find dnlled sensibility, heaviness 
and stiffness in the legs, and sometimes also in the arms. True paralyses 
are rare, but Hesse (Krankh. d. Nervenapparates, 1355) has, nevertheless, 
observed paralysis of the lower limbs after exposure, and, more ri 
Steiner (Arch. d. Heilk., 1870) saw a case of ascending paralysis ii 
quence of physical fatigue. Both cases rapidly improved under the in- 
fluence of rest, warmth, and appropriate antiphlogistic remedies, and 
terminated in complete recovery. The paralyses not unfrequently assume 
an intermittent or remittent character. 

The diagnosis of congestion of the cord and its meninges is obtained 
from the symptoms which we have given, and from its causation. The 
promptly favorable course of the disease renders the diagnosis of spinal 
congestion, which is at iirst somewhat arbitrary, very probable. The du- 
ration and termination vary according to the etiology of the congestion. 
The acute caaea, whose causes we have mentioned, generally terminate in 
rapid recovery. The chronic varieties, due to venous ataaes, ran a more 
prolonged course, present more marked changes in their aymptoms, and 
yield more slowly. Sometimes they recover very quickly under the in- 
fluence of a spontaneous hemorrhage from the vems of the uterus or rec- 
tum, which anastomose with those of the cord. Death rarely occurs as a 
termination of simple hyperemia of the cord. In these unfavorable cases 
an intra-modullary htemorrhage, a serous infiltration, or softening of the 
parenchyma generally coexists. Symptoms of asphyxia are very fre- 
quently present, indicating an affection of the respiratory centres. Pro- 
longed congestion may give rise to secondary degeneration and hyper- 
plasia in the cord as well as in the brain. 

The treatment should depend upon the causation of the spinal conges- 
tion. In acute hyperfcmia, antiphlogistic measures are indicated, together 
with rest and absolute diet. Wet cupa or leeches to the vertebral column, 
and leeches appUed to the anus or vulva, give good results. Benefit is 
also derived from cool effusions to the vertebral column while the patient 
is in a warm half-bath, from applications of cold compresses to the back, 
or of Chapman's rubber-bag (this should be filled with water which is gradu- 
ally made colder and colder, and not immediately with pieces of ice). 

I have noticed that frictions with cold water and dorsal douches are 
not well tolerated in acute cases. Stimulation by cold may increase the 
congestion by refiex means. For the same reason, we should be cautious 
in the employment of gaWanio or faradio currents, and abandon tbem as 
soon as they produce disagreeable sensations. In the chronic forms, asso- 
ciated with vascular stasis, good effects are seen from moist frictions, lum- 
bar douches, electrization of the dorsal region, cold washings, mjlk diet, 
and the cautious employment of gymnastic exercises. 

b. Apoplexy of the Spinal Meninges. 
Under this term we include haemorrhages occurring between the ver- 
tebras and dura mater, or between the meninges themselves. Hayem haa 
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recently made an exhaustive study of this subject from an anatomical 
and cEinioal standpoint (Des hemorrhagies intra-rachidienne^ Paris, 1872). 
The extra vasated blood u black and coag'ulated, more rarely fluid and mixed 
with clots, and ia found in the loose connective tissue upon the external 
surface of the dura mater, in the cavity of the arachnoid, or in the 
tissue o£ the pia mater. Sometimes it ocoupiea several of these positions 
at the same time. The most frequent form is that of the extra-meningeai 
bfcmorrhages, betvreen the vertebrm and dura mater. In the chapter on 
diseases of the medulla we recognized arteriitis of the basilar and vertebral 
arteries. Since the latter supply the arteries of the dura mater and the 
spinal arteries which are distributed to the pia mater by numerous rami- 
fications, it is probable that, upon closer examination, degenerations of 
the vascular walls with rupture and consequent hiemorrhages will also be 
found in them. In certain cases the collections of blood outaide of the dura 
mater are more extensive, on account of the abundant venous plexuses of 
this region, than hwmorrhages into the arachnoid cavity, in which the 
veins are less numerous. 

Haemorrhages of the dura mater, bounded externally by the connective 
tissue, are characterized by the presence of clots surrounding the roots of 
the nerves and by imbibition of their tissues. In rare cases the dura 
mater is separated by abundant collections of blood. Upon the inner 
Burface of the dura mater, and in the meshes of the pia mater, we find 
either small, circumscribed hsmorrhaffea, or foyers, extending into the 
cavity of the arachnoid, filling up a large part of the spinal canal, and 
sometimes associated with a cerebral hi^raorrhage. The cerebro-splnal 
fluid is stained with blood. 

The causes of meningeal apoplexy are very diverae. According to 
Hayem, the affection was only primary twice in thirty-eight cases. The 
causes of the secondary varieties consist of traumatic lesions of the dura 
mater or vertebne, of tetanus, eclampsia, epilepsy, chorea, and circulatoiy 
disorders, especially in the new-bom. Meningeal apoplexy also occurs 
in toxic convulsions, meningitis, and more rarely and to a less severe ex- 
tent in the affections connected with vascular stasis, which we have pre- 
viously mentioned. 

We will here mentioa some veiy rare examples of luemorrhiiBes followiog lesions ot 
the daia mater and araahnoid. Ollivier (L c. ) has pabliahed a case of BjphUiCio 
oaries opening into the spinal oanal, with perforation of the dura matei. In Jraenneo's 
OBse of aneurism of the thoracio aorta, snddea, incomplete hemiplegia occntred, reaoit- 
big in death at the end of several hoirn. At the autopsy, the aneuriBmal eao was 
foand opening; into and commnniCHtiQg with the apinal canal and with the left pleura. 
The cord v/as compceaaeit bf a dot of blood. An ooalogous oaae has been siiics pub- 
lished b; Chandler. 

The extravasation may occur between the layers of the arachnoid or 
inside of this membrane. Only one case of primary intra-arachnoid 
haemorrhage has been observed. The extravasation has almost always 
been propagated from the cranial to the spinal cavity. Among eight 
oases of subarachnoid hjemorrhage collected by Hayem {1. c), two were 
spontaneous and primary. It was secondary in the other cases, being 
either consecutive to hemorrhage into otherportiona of the nerve centres, 
or occurring in the course of various diseases, such as alcoholism, senile 
dementia, spinal meningitis, hiemorrhagic variola, scorbutus and its difier- 
int forms. 

The symptoms of meningeal haemorrhage are sometimes of an esoln- 
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lively medullary nature, when the brain is unaffected, and the origin of 
the process then sppeara more clearly. At other times, it is complicated 
■with syncope, loss of consciousness, disturbances o£ speech and the special 
Benses, indicating the coeiiatence of severe congestion or of an extravasa- 
tion within the cranial cavity. When death occurs rapidly, it is hardly 
possible to comprehend the exact part played by the two sets of lesions. 
Hiemorrhage is sometimes preceded by the hyperemia which we have 
described above. But in the majority of cases, meningeal hiemorrhages, 
whether traumatic or spontaneous, have a sudden and apoplectiform inva- 
sion. The patient is seized with violent pain, and falls down, giving utter- 
ance to cries; he is paralyzed in the limbs and often also in the organs of 
Bpectal sense. When the violent symptoms of this first stage have passed 
we are better able to distinguish the characteristic phenomena of the dis- 
ease. 

Intense rachialgia develops in the beginning, situated either in the 
neck or lower down or along the whole length of the spinal column, and 
we can thus draw deductions as to the situation of the haemorrhage. The 
most important symptom, in addition to this pain, is the tetanic stiffness 
of asegment of the vertebral column. This toaio spasm chiefly involves 
the muscles which receive their nerves from the affected region, and the 
limbs are usually contractured. From time to time, clonic spasms or 
tremor also occur. All movements increase these phenomena, as when 
the patient wishes to raise himself, to stoop down, or to turn around. 
Very frequently the skin of the dorsal region and the spinous processes 
do not present an abnormal sensibility. AVhen the extravasation com- 

Eresses the nerve roots, peripheral irradiations occur into the upper or 
iwer limbs, under the form of scalding sensations, formications, numb- 
Sensibility is also affected in its turn. Cutaneous or even muscular 
byperteathesia on pressure occurs in the beginning, especially in the lower 
limbs. After this first modification, or even much later, aniesthesia occurs 
in the dorsal or lumbar regions, and extends downwards to the buttocks, 
perineum, genital organs, and thighs. Motion is also more or less affected. 
Voluntary motion may be impeded by the muscular stiffness occurring at 
the onset, or even abolished by paralyses, which are readily recognized. 

The height of the hfemorrhagic lesion in the spinal cord influences the 
entire symptomatology. In apoplexy of the cervical cord or of the upper 
partofihe dorsal region (usually of traumatic origin), we observe, in ad- 
dition to temporary loss of consciousness due to cerebral hyperasmia, 
pains and stiffness in the shoulders, dilatation of the pupils, spasms in the 
neck, pain, contractures, and sometimes paralysis of both arms, with par- 
tial increase of sensibility. In many cases we also notice disorders of 
deglut\*i!m and respiration, and, finally, irregularity of the heart. 

Lesions of the lower parts of the dorsal region, or of the lumbar region 

' (from a fall upon the loins, buttocks, or feet), are recognized by local pain 
and muscular stiffness, by the abolition of motion and sensation in the 
lower limbs, paralysis of the sphincters (at first with retention of urine 
uid constipation), and by priapism, which is sometimes observed at the 

. beginning. The course of apoplexies of the spinal meninges is determined 
by the abundance and extent of the hicmorrhagic extravasation. Small 
circumscribed htemorrhages may terminate in recovery (as OUivier'a obser- 
vations serve to demonstrate). The meninges are found strongly pig- 
mented, with adhesions of the dura mater and pia mater (remains of small 
mpoplexiea), after verrebraJ lesions, which have finally proved fatal from 
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their complications. Large extravasations, affecting the oerrical region 
and medulla oblongata, may rapidly prove fatal, from disorders of respira- 
tion or oircuiation, or from complications invoIvJag the brain. 

In favorable cases the violence of the symptoms soou diminishes, but 
At the end of forty-eight hours the condition is again aggravated under the 
influence of the inflammatory reaction, which varies in its intensity and 
duration and usually does not disappear for two or three weeks. The 
extravasation is then absorbed, all the symptoms gradually mend, the 
functions become re-established, unless complications on the part of the 
meninges, or medullary substance, cystitis or complete paralysis of the 
sphincters, give rise to new dangers. 

The diagnosis is based upon the apoplectiform onset of the symptoms of 
meningeal irritation, and upon the etiological factors. Sudden and violent 
rachialgia, tetanic stiSuesB of the trunk and nock, contracture of the 
limbs, partial convulsions, weakness of the Lnibs and absence of cerebral 
symptoms, are the symptoms indicating the spinal origin of the meningeal 
hiemorrhage. In order to localize the situation of the lesion, we must 
bear in mind the symptoms above mentioned. The prompt appearance of 
hemiplegia of motion and sensation and of paralysis uf the sphincters, and 
the abolition of electro-muscular excitability, prove that the substance of 
the cord is involved, Rapid improvement on the part of the brain indi- 
cates that the irritation resulting from shock has soon subsided. The 
prognosis of apoplexy of the spinal meninges loses its gravity when the 
threatening symptoms of the first few days have subsided. It improves 
still further about the fourteenth day, after the inflammatory reaction 
has ceased. At a later period improvement is characterized by the return 
of sensibility, and then of motion and of the action of the apbinctera. 
Complications with cystitis and bed-sores render the prognosis more grave, 
and the rapid disappearance of the vesical disturbances generally favors 
the return of the vital energies. Weeks and even months elapse, how- 
ever, before all the disorders of motion and sensation subside. 

Venesection is indicated in the treatment of cases complicated with 
cerebral symptoms and in individuals who are sufficiently robust. We 
must then have recourse to local treatment, such as bleeding along the 
vertebral column by means of wet-cupa or leeches and ice-bags over the 
affected portion. The patient should be kept absolutely quiet in bed, upon 
strict diet, and, at a later period, we may employ mercurial or iodine oint- 
ment. Injections of morphine maybe used to combat intense paiij. The 
vesical disturbances and the constipation demand special attention. Par- 
sistent paralyses require electrical, hydropathic, or thermal treatment. 
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CHAPTER XVn. 

INlfT.AMUATIONS OF TBS SPINAL UENXtfQBB, 
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Thb inflammatory processes of the spinal menineea exert considerable 
pathogenic infiuence upon the cord itself, and upon the nerve roots which 
thej' surround. Despite the great analogy in the symptomatology of the 
various forms of spinal meningitis, we nevertheless recognize marked dis- 
tinctions in the manner of invasion and development. These are useful 
in studying the diagnosis and clinical history of these diseases. We shall, 
therefore, consider separately the diseases of the spinal dura mater, arach- 
noid, and pia mater. 



A. — Diseases of the Spinal Dura Matkb. 

Among the older observers we only find one case of purulent peri- 
meningeal infiltration mentioned by Ollivier (1. c, T. II., p. 273). The 
inflammatory processes of the cellular tissue surrounding the dura mater 
and the inflammation of the dura mater itself have been more carefully 
investigated in our own times. The morbid processes present consider- 
able differences, according as the inflammation chiefly affects the external 
or internal surface of the dura mater. 



a. Perimeningitis and External Spinal Pachymenmgiiis. 

Spinal peri-pachymeningitis (Traube, Mannkopf, Mueller) eonsista of 
inflammation and suppuration in the cellular tissue surrounding the dura 
mater, and may be difEused or circumscribed. When the pus collects in 
considerable quantity, especially in the posterior part, it may compress 
the dura mater, push it against the spinal canal, and then compress the 
oord. Several foci may be present without extension of the inflammatory 
process to the brain. 

The inflammation of the perimeningeal cellular tissue is usually second- 
ary. 

True spinal pachymeningitis, such as has been recently described in 
caries of the vertebrse, by E. Wagner (Arch. d. Heilk., 4. H., 1870), and by 
Michaud (Sur la mSningite et la my^lite dans le mal vert6bral, 1871), con- 
sists of inflammation of the anterior and external layers of the spintU dura 
mater. Upon microscopical sections, we can distinguish, from within out- 
wards, in addition to the normal connective tissue, a fibrillary middle layer, 
strewn with nuclei, fusiform cells, and new-formed capillaries, and a super- 
ficial granulo-fatty layer, deprived of blood-vessels and in a condition of 
oheesy degeneration. This is, therefore, an external pachymeningitis, 
oharaoterized by the presence of inflammatory products upon the external 
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surface of the dara mater, the formation of abscesses in the false mam- 
braoes, and retro^essive changes in the peripheral layers. The process is 
usually confined to the entemal surtaoe of the spinal dura mater, but, 
more rarely, it eitends also to its internal surface. The lesions of this 
variety of pai^hymeningitis may finally terminate in cnrapression and atro- 
phy of the nerve roots, and of the superficial layers of the cord. 

The causes of perimeningeal and intra meningeal inflammations are 
usually found either in suppurations extending from the exterior or in lo- 
cal irritations. The peri-paohy meningitis in Traube'a (Geaamm. Beitr., 
II. Bd.) and Mannkopfs (Berl. klin. Wschr., 1864) cases resulted from 
phlegmons of the psoas muscle and cervical region respectively, and in 
H. Mueller'a case (Peripachymen. spin. Diss., Koenigsberg, 1868), from in- 
fiammatioo of the subpleural ceUular tissue. In all these cases the sup- 
puration was propagated through the intervertebral foramina to the peri- 
meningeal cellular tissue. External pachymeningitis may follow trauma- 
tic lesions of the vertebrEe and, especially, caries of these bones. In the 
latter disease, according to Michaud (1, c), a cheesy purulent mass is 
found at the level of the diseased vertebrte, and oomes in contact with the 
dura mater after ulceration of the posterior vertebral ligament, thus giving 
rise to inflammation and proliferation by the direct action of the pus upon 
the external surface of the dura mater. Thickening and gummy products 
in the dura mater and other meninges may also develop under the in- 
flnence of syphilis (Lancereaux, Winge). Tie existence of an idiopathic, 
rheumatic pachymeningitis has not been demonstrated. 

The symptoms of perimeningitis and pachymeningitis are, with a few 
slight exceptions, similar to those of spinal meningitis. The roost striking 
symptoms are the same in both, such as pains in the shoulders or lumbar 
region, stiffness, especially in the middle or lower segments of the verte- 
bral column, cutaneous and muscular hyper^esthesia, especially in the 
lower limbs, periodical painful irradiations, more or less complete paralysis 
of the legs or bladder, and more or less intense, irregular fever. The 
diagnosis of external pachymeningitis is only possible if we are able to 
determine the existence of foci of suppuration in the neighborhood of the 
vertebral column, and if the symptoms of an insidious spinal meningitis 
then develop, usually in the cervical region. 

In traumatic lesions, caries of the vertebrae, deep bed-sores over the 
sacrum, abscesses developing around the spinal column in the pelvis or be- 
tween the cervical vertebrre and the pharynx (Angina Ludovici) which 
may penetrate into the spinal canal, — in all these cases, when fever and 
inflammatory symptoms on the part of the meninges occur, the spinal dura 
mater has become involved. 

The course of the disease has been unfavorable in the majority of the 
oases hitherto observed. Death ensues from the extent of the suppura- 
tion, from pytemia, or from compression of the cord. But in many cases 
of abscess which terminate favorably, and in caries of the vertebrs, 
which we shall discuss hereafter, we may so much the more hope for 
recovery, as this sometimes occurs even in spinal meningitis. 

With regard to treatment, we should direct aU our attention to the 
primary origin of the suppuration. If this is susceptible of cure, we are 
usually also successful in the treatment of the secondary pachymeningitis. 
We refer for further details to the remarks that have already beea made 
on the treatment of spinal meningitis. 
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f. Internal Spinal Pachymeningitia, 

Meningitis originating upoa the inner surface of the spina,! dura ma- 
ter is divided, from an anatomical and clinical standpoint, into two vari- 
eties, viz. : hypertrophic cervical pachymeningitis, and internal hsemor- 
rha^o pachymeningitis. 

hypertrophic pachymeningitis, recently demonstrated by Charcot 
(Soc. de Biol. 1869), consists in a considerable thickening of the spinal 
dura mater in the cervical region, resulting from proliferation of its in- 
ternal layers, and of the adjacent arachnoid and pia mater. When the 
circular thickening of the meninges extends over a large part of the spi- 
nal axis it produces constriotiou of the cord and roots of the nerves, with 
consecutive neuritis. 

This disease is distinguished from external pachymeningitis {after 
caries of the vertehrie) by its situation in the cervical region, by its point 
of departure from the inner surface of the dura mater, and by the circular 
oompressioD which it exercises upon the spinal cord, causing it to become 
smaller in all its dimensions; the site of external pachymeningitis depends 
upon that of the vertebral affection, it starts from the external layers of 
toe dura mater, and on account of its slight extent only aSects a limited 
portion of the cord. 

Hypertrophic cervical pachymeningitis is manifested by clinical signs 
vMch render it accessible to diagnosis, according to its degree of inteu- 
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«ity and its anatomical lesions. During the stage of irritation, which 
lasts two or three months, violent neuralgic pains occur in the neck and 
upper limbs (often upon one side alone), with a girdling pain around the 
upper part ot tjie thorax. Then the stage of paralysis appears, character- 
ized by more or less complete paralysis and oontraotura of the upper 
limbs (superior or cervical paraplegia), with very marked muscular atrophy 
and diminution of electro -muscular contractility (as in progressive mus- 
cular atrophy), in consequence of atrophy of the anterior and posterior 
roots of the nerves. At a later period the lower limbs become affected in 
their turn, but usually to a less extent. This affection, after a prolonged 
ttationary period, may go on to recovery and terminate in complete reato- 
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ration ot the power of motion. This spontaneous retiogresaive ohaoga 
has been several times observed by Charcot, and runs oouuter to the pre- 
tensions raised by therapeutics. 

Interned hemorrhagic pachymeningitis corresponds to the process of 
the same name and character which occurs upon the cerebral dura mater. 
The spinal dura mater is covered upon its inner surface by several layers 
of false membrane of a yellowiah-red or blood-red color, very rich in ves- 
sels, strewn with smaller or larger extravasations, and readily detached. 
The false membrane at first occupies a very small extent of the interior 
surface of the dura mater. In very rare cases it is spread over a lar^ 
surface, and extends to the cranial dura mater. Sometimes the spinal pis 
mater is tinged with blood, but it hardly ever adheres closely to the dura 
mater. The cerebro-splnal fluid is tinged with blood in varying degrees. 

The clinical signs of this disease, for which the materials at our com- 
mand are insufficient, are less understood than its anatomical characters. 
The most marked forma of internal hiemorrhagic pachyrneningitis have 
been observed in insanity, associated with analogous cerebral lesions. 
Observations of this character have been published by A, Meyer (De 
pachymening'. cerebro-spinale. Diss, Bonn., 1871), Th, Simon (Grieaing., 
Arch., Bd. 1. and II.), Huss, in hia work on Alcoolisme chronique avec 
d^mence, and more recently by Magnan and Bouchereau (Union m6d., 
1869). In the first cases the disease was manifested by neuralgias and 
feebleness of the lower limbs of long duration, and by apoplectic and con- 
vulsive symptoms with continually increasing dementia. In the varieties 
due to chronic alcoholism, inflammatory thickening of the cranial meninges 
was found, with rupture of cerebral and retinal vessels, which were affected 
by aneurisnial dilatations. 

Leyden has very recently published (Klin. d. Rueckenmarkskrank., 
1874) a case of traumatic ha;morrhagic pachymeningitis, characterized by 
sopor and symptoms of cerebro-spinal meningitis (faypenesthesia, stiffness 
of the muscles and neck);' after an apparent improvement, death occurred 
at the end of a month, from gangrene of the lungs. At the autopsy 
the skull was found fissured; the inner surface of the spinal dura mater 
was covered with a slightly adherent false membrane, of a brownish-red 
color, and containing numerous extravasations. The cord, especially in 
its posterior part, was softened and strewn with a large number of bloody 
specks,- Gangrenous foci, surrounded by pneumonia, were found in the 
lungs. 

The pathogeny of hiemorrhagic spinal pachymeningitis is scarcely 
better known than its clinical characters. In the cerebral forma, in which 
alcoholism plays an important etiological part, the inflammation must be 
considered primary, according to the doctrines of Virchow (I. o.), and the 
hipmorrhagea as consecutive to rupture of the delicate vascular meshes in 
the false membranes. In the spinal form of hiemorrhagic pachymenin- 
gitis the inflammatory reaction may give rise, in the same manner, to the 
formation of very vascular layers of connective tissue, and to frequent 
ruptures in their capillary meshes. Further investigations and observa- 
tions are necessary in order to clear up the obscure phenomena of thia 
disease. 
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Pathological Anatomy, 

The infiammatory exudations of the spinal meninges are derived, in 
their most common form, from the pia mater, the arachnoid, or even froni 
the inner layers o£ the dura mater. The exudation, which is either fibrin- 
0U8 or purulent, is thick and yellowish, occupies the loose tissue of the 
pia mater and arachnoid, and is often deposited upon the inner sur- 
face of the dura mater. According to the duration of the exudation the 
deeper coverings of the meninges are strongly injected, red and even in- 
filtrated with small hEemorrhages, In chronic cases they are opaque, of a 
firm consistence, adherent and covered by false membranes. Osseous 
plates and masses of pigment are found in the arachnoid, but they have 
DO pathological significance, on account of their frequency in old age. 

The exudation is rarely limited and circumscribed, but is usually of 
considerable extent, and may occupy a large portion, if not the whole 
length of the cord. The same lesions may also involve the cranial men- 
inges or, inversely, they may descend from the brain to the cord. The 
medulla oblongata is usually only slightly affected. The cord often ap- 
pears pale and aniemic, but presents no tissue changes. In other cases it 
IS very much congested, cedematous and softened, or atrophied and 
eclerotio. Similar changes may also occur io the posterior roots. 



Inflammation of the spinal meninges may be primary and follow the 
action of intense cold, or severe injuries to the spinal column, even 
without fracture of the vertebrffi. Senondary spinal meningitis occurs in 
caries, fractures or dislocations of the vertebra, more rarely after bed- 
sores, when the ulceration has extended into the sacral canal, or after ex- 
travasations of pus into the spinal canal (opening of a pulmonary cavity 
into the spinal canal, Cruveilhier, Gai. hebdom., 1856), or from changes in 
the meninges caused by spina bifida. Cerebro -spinal meningitis, whose 
sporadic forms and epidemic manifestations have been described in the 
first chapter of this work, must also find a place here. 

Spinal meningitis, and its combinations with cerebral forms, are ob- 
served most frequently in youth and old age. The male sex is more often 
affected than the female. When meningitis is epidemic, it often occurs, 
especially in children, as a complication of febrile diseases and acute e 
anthemata. After an operation for spina bifida, a spinal meningitis of 
sudden origin and rapid course may endanger the life of the patient. 



On account of the freijuent participation of the cranial meninges in 
inflammations of the covenngs of the cord, the symptomatology of spinal 
meningitis is often very complex, and it is rare that the spinal symptoms 
are predomiuaot. They are most distinct in the acute rheumatic forioi 
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which aie free from cerebral compJicationa, The development of spinal 
menincitis is generally accompanied by febrilo symptoms, acceleration of 
the pulse, elevation of the temperature of the body and delirium. Loss 
of consciousness and ooma belong to cerebral complications. One of the 
first and most frequent signs is intense raobialg^ia which sometimes only 
occupies a few points and, at others, extends along the whole length of 
the dorsal region, is remittent or intermittent in character, and is increased 
by the slightest attempt at movement. Id recent cases, cutaneous and 
musoular hyjieraesthesia are present at the same time, and extend more or 
less over the trunk or lower Hmbs. In addition, clonic spasms occur in 
the muscles of the neck and back, with rotation of the head backwards, 
stiffness of the trunk, opisthotonos or orthotonos. The spasm in the 
neck denotes irritation of the cervical cord and of the spinal accessory 
nerves, whose fibres originate in the lateral columns of this region as low 
down as the sixth cervical vertebrte, and from the lower part of the 
medulla oblongata. When the painful muscular stiSoeiSS, which extends 
over a large portion of the trunk, is moderate in degree, it presents remis- 
sions and may even permit the performance of some movements. When 
this stiffness is persistent, the patient Is rendered almost absolutely motioa- 
less. The muscles of the bladder and rectum abso participate in these spas- 
modic phenomena, giving rise to the initial retention of urine and consti- 
pation. Painful irradiations, generally periodical, also occur, especially in 
the lower limbs, and appear to be of a neuralgic character. Dyspncea de- 
velops in spinal meningitis of the cervical region, the muscles of inspiration 
being in a condition of painful rigidity. In cases which terminate in 
death, it is not rare to find pulmonary congestion and even haemorrhages. 
The activity of the heart is increased as in fever. General elevation of tem- 
perature and abundant perspiration belong to the subacute forms. Gas- 
tric disturbances also may occur; vomiting and tympanites indicate that 
the brain is affected. 

When the acute period has passed, more or less pronounced atrophy 
and contractures make their appearance, with paralysis of different groups 
of muscles, especially of the extensors. The columns of the cord or the 
nerve roots, which were compressed by the exudation, are not always al- 
tered to the same extent. As I have previously shown (in my Treatise 
on Electro-therapeutics, 1 Edit., 1865, p. 142-145), the severe forms of 
spinal meningitis present paralyses like those of progressive musoular 
atrophy (atrophy and paralysis of the thenar and hypothenar eminences, 
of the interossei, the muscles of the shoulder, and of the extensors of the 
arm and leg). 

The motor and sensory excitability of the nerves is diminished to both 
currents on account of tfie separation of the nerves from their centres. 
The motor elements in the large (mixed) nerve trunks are affeoted mora 
often and more seriously than the sensory elements. 

The electrical current, although it produces no contraction, still acta 
upon the peripheral sensibility. All the muscles are not equally affected, 
since some of them contract under the influence of the will or of the elec- 
trical current, while others (most frequently the extensors) do not respond 
to these stimuli. This is due to the unequal action of the lesions in the 
central terminations of the nerve tracts. Finally, the power of motion 
may progressively improve and be re-established, while the electric excita- 
bility remains abolished, that is to say, the nervous paths have become 
permeable to the centrifugal stimulus o£ the will, but are still unrespon- 
sive to the inverse action of the electric current. The obstruction is 
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probably due to abolition ot the excitability of the intra-tnuscular nerve 

The extent and gravity of all these symptoms vary according to the 
intensity of the lesions. The recovery of the disease depends upon the 
same causes, and generally requires several months for its completion. 
Unfavorable cases, or those which are aggravated by complications, ter- 
minate in death at the end of several hours or two or three weeks. The 
character of the meningitis, ita influence upon the cord and the centres 
contained in it, and upon the brain, play a decisive part in the termina- 
tion of the disease. 

Chronic spinal meningitis results from the prolongation of the inflam- 
mation and its sequences, and is charactemed anatomically by thickening 
and pigmentation of the meninges, arachnoid, pia mater, and internal sur- 
face of the dura mater, which are adherent to each other and to the cord. 
This fibrous degeneration may cause atrophy ot the nerve roots and, when 
the posterior roots are afl[ected, may produce degeneration of the posterior 
columns. In other cases chronic parenchymatous myelitis develops, after 
a time, from the compression of the cord. 

The clinical signe of chronic spinal meningitis are less clearly marked. 
The latent, insidious, and apyretic course of the disease, the dilSculty and 
pain in movements of the vertebral column, the slowly developing paraly- 
ees of the limbs, and the irradiating pains with hyperiesthesia of the akin 
and muscles, remind us rather of a chronic medullary process. 

We have already studied the epidemic form of cerebro-apina! meningitis 
in detail {p. 37-47) and refer to those remarks in order to avoid unneces- 
sary repetition. 

Diagnosis and Prognosis. 

The diagnostic value of the symptoms is not readily mistaken in spinal 
meiingitis due to a violent cold, to injuries of the vertebral column or to 
ulcerative lesions of the spinal canal. Epidemic cerebro-apiual meningitis 
is also characterized by its extension and by the number of cases. The 
tubercular form of cerebro -spinal meningitis (viVethe observation by Mag- 
nan and Liouville, p. 30) can only be diagnosed with any degree of prob- 
ability when symptoms of imflammation of the spinal meninges appear in in- 
dividuals in whom inherited phthisis, scrofula, or tuberculosis of other organs 
or of the choroid {vide p. 145) can be demonstrated. The dif^ential diag- 
nosis from typhoid /ever depends upon several factors. In the latter dis- 
ease the tongue presents a characteristic appearance; the temperature is 
remittent and irregular in spinal meningitia; finally the termination of the 
disease dispels all doubt. Spina! meningitis is distinguished from tetanus 
by its initial fever, its frequent complication with cerebral symptoms, the 
rarity and slight intensity of trismus, and the tonic muscular spasms which 
are usually increased more by movements than under the influence of irri- 
tation. The differential diagnosis between myelitis and chronic spinal 
tiieningitis is furnished by the widely distributed muscular atrophy and 
the electrical phenomena which I have regarded as indicative of circum- 
scribed compression of the cord and its nerves. 

The prognosis, especially in young people of previous good health, is 
K not always as unfavorable as Ollivier has concluded from his observations, 
ft The rheumatic forms are often susceptible of complete recovery, but this 
H is rarer in cases of traumatic origin. In the secondary forms the termina- 
H tion depends on the primary affection, but it is rarely favorable. Chronic 
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ipinal meningitis m&y terminste in more or less complete reoovery after 
the lapse of a considerable time. As proof of this statement, we not ia- 
frequently find, upon autopsy, the remains of indammatiOD of the spinal 
meninges. 

Cases which are severe from the beginiltng, those which begin with 
cerebral symptoms, the tubercular forms, and tbose in which respiration 
and deglutition become more and more embarrassed, generally terminate 
in death, which occurs most frequently during the firet or second week of 
the disease. Finally, life may be endangered by indammation of the 
bronchi, lungs, urinary passages, etc.; and, in unfavorable oases of chronio 
spinal meningitis, by seooaduy atrophy of the cord, and by the continued 
increase of paralysis. 

Tyeatment. 

In the beginning of the inflammatory period, local bleedings are 
indicated upon each side of the vertebral column, and even, in certain 
cases, from the mastoid processes. Venesection is only justifiable in ro- 
bust individuals and in intense cerebral congestion. Benefit is derived, in 
traumatic cases, from cold local applications by means of an india-rubber 
bag filled with pieces of ice or ice-water, or by frequently renewed cold 

At a later period the temperature of the cold applications to the back 
should be regulated according to the sensations of the patient. It will 
even be necessary to retain the compresses for a long time without 
renewing them. The distressing muscular spasms and the pains in the 
back and limbs are best combated by subcutaneous injections of mor- 

When all the symptoms of inflammation and irritation have dis- 
appeared, we should endeavor to accelerate the absorption of the exuda- 
tions. Frictions to the back, with mercurial ointment, and the internal 
employment of iodide of potassium, are highly praised by a large number 

Warm baths are also useful and agreeable to the patients, as well as 
moist packings (until the return of an agreeable warmth), followed by 
warm half-baths and dorsal effusions. In cases of a alow cotirse we should 
prescribe tonic regimen and country air, followed, at a later period, by 
the use of mineral waters and moor-baths. Electricity is usefid in mus- 
cular atrophy and paralysis, galvanization of the nerves being alternately 
employed w:th faradization of the muscles. 
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n.— DISEASES OF THE PARENCHYMA OF THE CORD. 

Thanks to the modem achievements of experimentation and histology, 
our knowledge of the diseases of the spinal cord has been greatly en- 
larged of late years. Clioical observations have rapidly increased in num- 
ber, and, at the same time, we are better able to comprehend their symp- 
tomatology; though these diseases are presented to ns under the moat 
varied forms, we have better means of diagnosis and treatment at our 
command. We are, furthermore, continually progressing in this direotion. 
All these reasons compel us to undertake an exhaustive study of these 
conditions in order to give the actual state of our knowledge on the sub- 
ject. 

Commencing with the circulatory disturbances of the cord, we shall 
then discuss the inflammatory processes and hyperplasite of the different 
portions of the spinal axis, and the typical morbid phenomena caused 
by these lesions. We shall then pass to the discussion of parasitic pro- 
ductions, tumors, and diathetic diseases of the cord. The anomalies in the 
development of the cord have more interest for the anatomist than for the 
clinical observer. 

CHAPTER XVin. 
a. Ancsmia and Sypercemia. 

Iff spinal aniemia, according to the facts at present at our command, 
the pallor is especially noticeable in the gray matter, which is richer in 
capillaries than the white substance, Only the large vessels of the pta 
mater still contain blood, although there may be congestion of the super- 
ficial venous plexuses. The consistence of the cord is increased in the 
majority of cases. 

Tenner and Kussmaul (Moleschott's Unters., U. Bd., 1837) have pro- 
duced ansemia of the cord by ligature of both subclavian arteries at their 
origin, after compression of the arch of the aorta. In the rabbits thus ex- 
perimented upon, paralysis was noticed, after a short time, commencing 
m the posterior limbs and extending gradually to the anterior parts, eo 
that finally the animals died from arrest of respiration. In 1867 Stenson 
made a series of experiments upon animals in whom he had tied the ab- 
dominal aorta, below the origin of the renal arteries and thus produced 
paraplegia with anaesthesia. According to Schiff (CentralbL, 1869), the 
cause of this paralysis was the spinal anaemia which was produced by the 
simultaneous obliteration of the spinal branches of the lumbar arteries. 
The excitability diminished from the centre to the periphery, together with 
the electro-muscular contractility, which persists for a much longer time. 
Paraplegias of a similar nature, but of a slower course, have been observed 
in man by Barth (Arch. gdnSr., 1835) and by Gull (Dub. Quart. Joum., 
1656) in consequence of progressive obliteration of the abdominal aorta. 

Among the causes of spinal aniemia we may mention genera! debility, 
occurring after bteraorrhages and in patients reduced by suppuration, in 
chronic diseases and diatheses. The paraplegia experimentally produced 
by Panum (1. c), in consequence of embolism of the spinal arteries, with 
hemorrhages and softening of the cord, has not been hitherto observed ' 
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man. But, in discussing the diseases of the medulla oblongata, we bave 
recognized thrombosis of the vertebral artery and the spinal arteries ori^ 
Hating from it, and we must, therefore, admit the posaibiJitr of embo- 
liamio paraplegia. In most cases the general condition and the cerebral 
aneemia mask the symptoms of the spinal anfemia. But in certain cases 
the affection of the medulla and cord is shown bj special symptoms, such ai 
weakness and neuralgic pains in the legs (as in advanced tuberculosis and 
chlorosis), abnormal increase of reflex excitability, slow development of the 
powerof co-ordination (in weak, rachitic children), dyspncea, and palpitation 
of the heart, which are induced, in aniemic patients, on the slightest effort. 

These disturbances usually disappear in great part under the influence 
of tonic and sustaining measures, and the cerebral and spinal functions 
are gradually restored, proving that the symptoms in question are not 
caused by organic lesions, but merely by disturbances of nutrition. We 
may employ these indications in prescribing a rational treatment. 

Spinal hyperiemia has been previously considered in the article on hy- 
persemia of the spinal meninges, from which it is inseparable (vide pp. 177- 
179). 

b. Apoplexy of Che Spinal Cord (Hematomi/eUe.) 

In addition to the extravasations into the spinal meninges which we 
have described above, hiemorrhaees also occur into the tissue of the cord, 
and have been carefully studied in recent researches. Levier has devoted 
a monograph to the subject (Beitr. z. Path. d. Kueckenmarksapoplesie, 
Diss., Boon., 1864), since which time other publications have appeared, 
among which we may especially mention the investigations of Hayera 
(Dea niemnrrbapies intra-rachidiennes, Paris, 1872), who has thrown new 
light upon the clinical history and pathological anatomy of spontaneous 
hiemorrhage into the spinal cord. 

From an anatomical point of view, spinal apoplexy is characterized by 
the extravasation of blood into the central axis of the cord. 

According to Hayem, among thirty-one cases the foci were circumscribed 
in fifteen, and in the others the blood was infiltrated into the tissues. The 
hiemorrhagic foci, formed of the debris of nerve tissue, amyloid corpuscles, 
and fatty and pigmentary granules, are found in the gray matter, which 
is affected in certain portions of the gray horns or throughout its whole 
thickness. The extravasation may extend upwards to the cervical region 
tuid downwards to the terminal portions of the cord. More rarely the 
blood penetrates between the fibres of the cord. 

According to the most recent researches, hsemorrhage only occurs into 
the tissue of the cord when it has been previously inflamed. Thus, ac- 
cording to Hayem, hematomyelie would be more correctly termed hematomy- 
elitis. The few microscopical researches at our command also bring spinal 
apoplexy and myelitis into closer relationship, Charcot has obaervedoon- 
siderable swelling of the nerve cells and axis cylinders, which he refers to 
a parenchymatous inflammation (W. Mueller has observed the same phe- 
nomena in acute traumatic softening). Liouville has found ampullary dila- 
tations of the large vessels, with thickening of the walls and nuclear pro- 
liferation, in hiemorrhagic softening of the gray substance. In the com- 
pletely paralyzed muscles, the strite have disappeared, and granules have 
accumulated between the fibrilte. The other muscles present a normal 
structure. The causes of hematomyelie are hypenemia and vascular rup- 
the spinal system. They are most frequently caused by cold, vlo- 
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lent efforts, sexual excesses and injuries. The cessation of the menses (Le- 
vier), in consequence of previons irritutive causes, only gives rise to sjnnal 
congestion in an indirect manner. The miliary aneurisnisof the capiljaries, 
which play such an important part in the etiology of cerebral apoplexy, 
have not been hitherto observed upon the spinal vessels in hematomyelie. 
But tV'e previously mentioned researches of Liouville serve to show that 
analogous vascular dilatations upon the larger vessels also exist in the 
cord. It remains for further investigations to demonstrate the relation- 
ship which exists between medullary apoplexy and the degenerations of 
the large ajteries or arterioles of the cord. 

On account of the frequency of the accidental causes which give rise 
to spinal congestion, the latter would be more frequently followed by 
hematomyelie, were it not for the fact that an alteration in the walls of 
the vessels must coexist in order to cause them to rupture. According to 
Levier and Hayem, men are much more subject to spinal apoplexy ttian 
women (undoubtedly on account of the differences in the habits of life). 
Cases are most frequent from the twentieth to the fortieth years. The in- 
vasion of the disease is almost always preceded by symptoms of spinal hy- 
pcnemia, under the form of circumscribed pains in the back, numbness, and 
formication in the fingers and toes, prostration, a feeling of fatigue, and 
stiffness in the movements. After these prodromata (which very readily 
pass unnoticed) have lasted for a longer or shorter interval, the symp- 
toms of hematomyelie appear suddenly, with rapid development of paralysis 
of the lower or even of the upper limbs. 

Consciousness, speech, and the functions of the special senses are 
frequently unaffected. It is only in abundant hiemorrnages of a rapid 
course, and especially in those of the cervical region (with whose vascular 
relations to the brain we arc already acquainted), that momentary loss of 



The paraplegic limbs most frequently, also, lose their sensibility. The 
anossthesia usually extends upwards to the upper half of the back and of 
the abdominal region. Reflex excitability is preserved or even increased 
at the beginning', but it rapidly disappears when destruction of the cord 
occurs in a transverse direction, and especially in the gray matter. The 
paralysis also involves the sphincters; retention of urine and constipation 
occur in the beginning, but are soon followed by involuntary evacua- 
tions. The urine is usually aikahne. 

The muscles which are insensible to mechanical stimulation and to the 
will, have also lost their electrical contractility. Colin has observed this 
abolition of muscular excitability upon the very day of the attack, Durian 
found it nine days, and Levier fifteen days, after the appearance of the 
oharacteristio symptoms. This peculiar phenomenon is explained by the 
disorgan illation of the muscular tissue, to which we have referred above.' 
The atrophy and degeneration of the muscles would undoubtedly assume 
I Btill greater proportions if life were prolonged. 

Other interesting phenomena also occur, such as constant elevation of 
temperature in the paralyzed limbs, which SchifE and Brown -St'qiiard had 
long observed in experimental lesions of the spinal cord. Abolition of 
outaneoua perspiration also appears in the paralyzed limb. The trophic 
disturbances consist of rapid atrophy of the paralyzed muscles, and, later, 
in the appearance of bed-sores and erythema. 

The symptomatology varies greatly, according to the height at which 
the lesion is situated and to the extent of the hiemorrhage. When thn 
extravasation occupies the cervical regions, the upper limbs are affected, 
13 



and stiffness of the trunk and contractions of the thoracic muscles occur. 
If the hemorrhage approaches the mcflulla oblongata or the origin of ibo 
phrenic nerves, respiratorj' distiirbiincea, such as a sensfl of oppression, 
dyspnrea, and embarrassment of diaphragmatic breathing, and dysphagia, 
develop. When the lesion involves the lower portions of the cord, para^ 
pi ^gia of motion and sensation occurs, with paralysis of the sphincters, 
cystitis, moderate priapism, etc. If the apoplectic foyer is limited to a 
lateral half of the cord (as in Monod's and Ore's cases), motor paralysis, 
elevation of temperature, and hyperjesthesia appear upon the side of the 
lesion, and preservation of voluntary motion and abolition of sensation 
on the opposite side (as in the spinal hemiplegia obtained esperiinentally 
by Brown-St-quard). The course of hematomyelie depends upon the sit- 
uation of the extravasation and its extent. Abundant intra -medullary 
hiemorrhages are generally followed by death in a short period. At the 
end of several days, inflammatory reaction develops around the hsemor- 
rhagic foyer (with symptoms of motor and sensory irritation), and thus 
renews all the danger. Less abundant hn^morrhages and those occurring; 
in the lower segments of the cord run a more protracted course. The 
duration of the disease may, consequently, be counted by hours (thirteen 
hours in Moynier's case), by days, weeks, or even by months (six months 
in Trier's case). 

When the disease rapidly terminates in death, this almost always oc- 
curs in the midst of disturbances of respiration and deglutition. When 
the fatal termination is delayed, it is caused by progressive extension of 
the paralvses, by abolition of the vegetative functions, by bed-sores, cya- ■ 
titis, pyelitis, and the final febrile exacerbations which accompany these 
complications. The course of chronic hematomyelie corresponds to that 
of chronic myelitis. In Hasae's case, the hemorrhagic foyer was sur- 
rounded by thickened connective tissue and partly filled with serum (like 
the apoplectic cvst of the brain). 

The diagnosis of intra-medullary hemorrhage is based on the sudden 
appearance of motor and sensory paraplegia, elevation of temperature 
in the paralyzed parts, the absence of febrile and convulsive symptoms 
at the onset, and the rapid abolition of the reflex and electrical excitability 
of the muscles. The absence of fever and motor irritation, the prompt 
and general suppression of electro -muscular contractility, and the rapid 
atrophic degeneration of the paralyzed muscles, enable us to distinguish 
hemorrhages from inflammatory lesions of the spinal meninges. In aortio 
embolism, which is an extremely rare cai 
characteristic signs are the absence of pulsa 
the severe circulatory disturbances which s 
The situation of the medullary lesion may b 
from the symptoms to which v 
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in^Stheaia and preservation of motion upon the Other 
The prognosis is extremely unfavorable in those forms of hematomyelie 
which are severe at the onset. Abundant hemorrhages in the neighborhood 
of the medulla oblongata or in the cervical cord are the most dangerous. 
The hpemorrhages in the lower portions are proportionately less grave. 
When the patient has recovered from the first shock, and the affection 
takes a chronic course, the danger continually diminishes. But, as in other 
f omis of myelitis, complications may again endanger the favorable termina- 
tion. With regard to treatment, we must refer to what has been already 
said on this subject under the head of apoplexy of the spinal meninges. 
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CHAPTER XES. 

UTZLITIS AND ITS PKINCIPAL FO&Ma. 

Modern research has made great progress in the pathology of the spinal 
oord, and we are to-day much better acquainted with its more minute ana- 
tomical lesions and with the multiplicity oE its morbid forms. We also 
recognize more clearly their clinical manifestations and diagnostic signs, 
Tne inflammatory processes of the cord present a certain number of symp- 
totnatio types, according as they develop more or leaa rapidly, or as the 
degenerations are diffused or circumscribed. Although a perfectly scien- 
tific classification of spinal paralyses is not yet possible, we must, never- 
theless, state that, thanks to the modern advancements of histology and 
clinical observation, the study of these affections is now based upon a 
positive anatomical and clinica! foundation, in place of the obscure con- 
ceptions hitherto accepted. Myelitis assumes very different forms, ac- 
cording as its destructive action is acute or chronic. It is divided, in ad- 
dition, into two principal groups, one of which consists of interstitial mye- 
litis, including the primary affections originating in the neuroglia (myelo- 
meningitih), and the peri-ependymal forms (HalTopeau); the second group 
is represented by parenchymatous myelitis, viz. : the degeneratiotia of the tis- 
sue of the cord {that of the postenor or lateral columns, as in tabes and 
Becondary ascending or descending degenerations), the inflammatory 
changes of the gray columns, and the trophic disorders (as in progressive 
muscular atrophy-, spinal infantile paralysis, and other spinal affections). 
Parenchymatous myelitis may, in addition, affect (in the diffuse variety) 
the entire diameter of the cord, or it may attack, by preference, tha 
nnterior, posterior, or lateral portions of the cord. 

A. ACTTTE PAHBNCHTMATOna MtELITIS. 

The acute form of myelitis, which was known to the older observers, 
has very recently been the subject of profound anatomical and clinical 
studies. We may cite the works of Mannkopf {Congress of German Nat- 
uralists, Hanover, 1865), Engelken (Beitr, z. Path, i aout. myelitis, Zue- 
rich, 1867), Frommann (Unters. ueber norm. u. path. Anat. d, Rucckenm, 
Jena, 1867), and Dujardin-Beaumetz {De la my61ite aigue, Paris, 1872). 
The results of these investigations have received an important confirma- 
tion from the- experiments of ijayem and Liouville, and have been in- 
creased by recent observations on acute myelitis occupying circumscribed 
portions of the gray substance. 

The pathological anatomy of myelitis is especially indebted to the re- 
searches of Frommann, Mannkopf, Charcot, etc. In the beginning the 
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development of granulationa (causing irritation of the nerve-fibres during 
life), ampullaiy dilatations of the axis cylinders, and very marked hyper- 
trophy of the cells of the anterior horns. At a more advanced stage ex- 
udative softening of the basement substance occurs, with formation of pua 
globules and granular cells at the expense of the neuroglia, granular de- 
generation of the nervous and interstitial tissue (granuFar diaiutegration 
of L. Clarke), and fatty and pigmentary atrophy of the nerve cells. In 
the extremely rare caaes of recovery, retrogressive metamorphoses and ab- 
sorption of the exudations may take place, vith formation of cicatrices or 
cysts. 

Rapid destruction of the medullary centres is very promptly followed 
by degeneration of the muscles, which assume a reddish, tawny color (like 
that of rare meat), and are softened and friable, or even dry and brittle 
(Rokitansky). Mannkopf and Engelken have observed nuclear prolifer- 
ationa in the sarpolemraa. Fatty degeneration of the primitive fibrillie 
and slight changes in the muscular nerves have been seen in rare cases. 
If the patient survives for a long time, the muscles may become subject 
to considerable atrophy. Hayem and Liouville have experimentally pro- 
duced acute mvelitis in animals, by placing iodine and glycerine upon the 
conl after opening the spinal canal Paraplegia developed in consequence, 
with elevation of temperature in the paralyzed limbs, eschars and alope- 
cia. According to Uujardin (1. c.) we may, in dogs, produce myelitis from 
traumatism. 

In some very recent experiments, Leyden (Rlinik. d. Rueckensmarkskr,, 
II. Bd., 1875) has produced myelitis in dogs by the injection of a few drops 
of Fowler's solution, and has found disseminated foci of central peri-epen- 
dymal or emio-ependymal softening (suppuration and inflammation around 
or in the interior of the central canal). In some cases these foci were 
especially found at the periphery of the cord like a true peri-myelitis with 
all its histological characteristics. Acute myelitis may be due to violent 
chills, traumatisms (especially blows upon the back), and to exaggerated 
bodily exertion. 

The influence of venereal excesses and of onanism is less demonstrable. 
External causes may sometimes be added to spinal lesions of slow growth, 
and tumors occupying the central portion of the cord may give rise to acute 
inflammation. Young and adult patients are most frequently subject to 
acute myelitis, but sex has no appreciable etiological influence. The 
symptomatology of acute myelitis permits of various descriptions, accord- 
ing as the inflammation originates in the central axis of the cord and then 
extends to the periphery, or whether it forms circumscribed foci, or 
especially involves the nerve cells of the anterior gray columns. The 
height of the lesion and its complications also modify tne symptoms. I 
■shall here narrate two personal observations, the first of which has already 
■ippcared in the first edition of my "Treatise on Electro-therapeutics 
(ISG4). 

1. k man, twenty-oight years old, tell down aaUircase, striking npon the back, and 
imraediatiel; experienced a ahiap pain in the dorsal Epine, and eooq afterwardB In tbc 
lower limlw. After high fever and violent moslhilar pains during mov^menta of flexioQ 
the power of motion and fnrado-miiHcalar cOotraotUity prOgTeBflivelr diminished darine 
the course of tbe Grst month. At the coinracDcement oC the nighth week the para- 
plegia WBH complete, and the blaiider was pacaljicd. 'iDie oloctro -muscular contrso- 
tiJity bad only disappeared completely at the end of the seoond month o( the diaeiwe. 
The patient died two days later, and the nulofisy revealed oomplete softening at Ihn 
cord in the Ufiperjiart of the donml region, ii'ith impoiwibility of recognizing itc atnio. 
tuie [under the microscope, dobria of nerve Gbice, drops of myeliue, and moseee of 
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gTannlatioDS were lomid). A short time afteri^ardB an an^agons coae occarred In 
Fiiirialia' oliDio, imd was published b; Mannliopf (Berl. 'Wdchr., 18G4). 

S. In another mora recent oo^e, a j'urnig man, after exposure to Bevere cold, waa 
aeiied with parnpleg-ia, and soon aftorwariJa with incomplete paraljais of the left infe- 
rior half of the face. The patient died at the end of five weeks. At the antopey 
softening was found in the upper dorsal portioa and in the posterior columim of the 
cervical cord, with spots □( Battening jn the pons and in the pOEterior and external 
walla of the lateral ventriole. 

Acute myelitis, dereloping in tlie gray axis of the cord, begias with 
fever, severe rachislgia with girdling pains, intense pain in the muscles at 
every movement, and rapid abolition of motion and electro-muscular con- 
tractility, soou terminating it) complete paralysis. As a rule, the tempera- 
ture of the paralyzed limbs is at first elevated. This phenomenon con- 
tinues a short time, and is followed by disappearance of sensibility and 
roilex excitability. The initial retention of urine and fscal matters soon 
gives place to incontinence. 

Trophic disorders occur at a more advanced period, in consequence of 
lesions o£ the gray columns (especially the anterior, Charcot), They are 
cbaracterized by muscular atrophy, acute bed-sores over the sacrum (in 
the course of the first or second week, according to Duckworth, Engelken, 
and Raymond), some disorder of the urinary excretion (alkaline and 
bloody urine), cedema of the paralyzed limbs, and effusions into the joints. 
Death may occur at the end of a few days, or in one or two months, from 
the ascending progress of the disease, with respiratory paralysis and as- 
phyxia. At a later period death is due to cystitis, marasmus, bed-sores 
(with symptoms of pyemia, or of meningitis, when the lesion advances 
into the spinal canal), hypostatic pneumonia, etc. 

When acute myelitis is more circumscribed the symptoms are less se- 
vere and develop less rapidly. The fever is moderate, the symptoms of 
motor and sensory irritation are more prolonged, reflex sensibility ia pre- 
served (often even increased), and electro- muscular contractility is only 
partially diminished (especially in the extensors). The subsequent de- 
pression-symptoms of motion and sensation are also less extended and 
pronounced. The different varieties of sensibility are unequally ailected, 
the paralyses are less complete and general, the trophic disorders are very 
rare and nearly always limited to the first period. After the acute stage 
the affection reveals the characteristics of chronic myelitis. 

The symptoms also vary according to the height of the lesion. When 
the cervical cord ia involved the chief symptoms are pains in the neck, in- 
equality of the pupils, diminution of motion and sensation in the upper 
limbs, temporary dyspncea, symptoms of angina and dysphagia. When 
the lesions predominate in the dorsal and lumbar regions, motor and sen- 
sory paralysis occurs in the lower hmbs, in the abdominal muscles, the 
bladder and rectum, with impotence, and often with acute bed-sores (ao 
lording to Ash hurst). 

We shall discuss the symptoms of acute anterior myelitis, occupying 
;he region of the anterior horns, at a later period, under the head of 
infantile spinal paralysis and its cognate forms. 

The diagnosis of acute myelitis rarely presents great difficulties. 
Landry has described, under the name of actUe ascending paralysis (Ga/. 
hebdom., July, Aug., 1859), a form of paralysis which rapidly extends from 
the lower to the upper limbs and to the medulla oblongata, and usually 
proves fatal from asphyxia. It sometimes disappears with a rapidity equal to 
that of its development. It is often attributed to an acute ascending my- 



elitis. Ill other cases, however, no morbid ch&nge lias been discoTiired, 
even on careful microscopical examination. If we may draw any deduc- 
tions from the ill-defiDed data which wo at present possess concerning 
Landi^'s paralysis, it may be distinguished from acute myelitis by the 
slight disturbances of sensation, the preservation of the electrical excits- 
bihty of the muscles, the absence of motor irritation and of trophic dis- 
turbances, and the final embarrassment of speech. Spinal meningitis is 
characterized by the initial stiffness of the vertebral column, the cutane- 
ous and muscular hvpenesthesia, the tardy appearance of paralyses, and 
the peculiar electrical reactions which we have previously discussed. The 
differentiation from liematomyelie is more difficult, and often Impossible, 
for we have learned that the hemorrhage occurs in a tissue previously 
softened by myelitis. Acute hysterical paraplegia is recognized by the 
preservation of faradic and galvanic excitability, with abolition of electro- 
outaneous and electro-muscular sensibility, the frequent co-existence of 
anipsthesia of the mucous membrane and special senses, and by the pres- 
ence of other hysterical phenomena. 

The/iroynoaisof acute central myelitis is very unfavorable, death usually 
occurring in the first or second months of the disease, with the symptoms to 
which we have above referred. The forms of acute myelitis characterized 
by circumscribed foci are less grave, the paralyses and sensory distur- 
bances yield in part, and the patient passes into a condition of chronic 
myelitis. The least unfavorable prognosis belongs to the circumscribed 
traumatic inflammations of the cord. Flourens and Brown-S6quard have 
observed complete restoration of all the spinal functions, even after com- 
plete section of the cord, and the latter observer, in some niicroscopicftl 
examinations undertaken in conjunction with Robin, faaa found that the 
union occurred by first intention. 

ecently obsacved (Mem. de I'Aoad. R07. da Belgique, 
V focmatiun of nerve elementH. and restoration of mo- 
tion aod seosatioii to ttie normal condition, ofter eicision of a portion of the oord, two 
millimetres in length. DoDtaa baa obtsiincd similar rcaultK (Sur la rei;ea6r. fonc. eC 
anat. de la moelle epiniSre, Berne, lfi73) in hia experiments on yonng dogs. I have, 
also, often divided the lower part of the ocrvloal cord in rabbits, by entering; latetall; 
through a mnall opening in the intervertebral epaoe, and have Been the porapl^a, 
thus produced, diaappeac at the end of several days. In one of these aniroala, in 
whom the right antierior limb had also been aSeoted. this leg remained in extension 
and abduction during walking for aeverol weeks, although all signs of paraplegia bad 
disappeared. 

But, in man, the cord does not appear to be endowed with a similar 
power of restoration. We know that slight wounds or compression of the 
cord suffice to produce myelitis, wiiich usually does not disappear com- 
pletely, as we shall show further on in the section on traumatic lesions of 
the cord. In one of Ollivier's cases (1. c, T. I., p. 373), the paraplegia and 
paralysis of the sphincters, following a gunshot wound of the cervical 
cord, had disappeared, although paralysis of the left arm persisted six. 
months longer. 

In the treatment of acute myelitis, as in inflammation of the spinal 
meninges, we must rely chiefly on antiph log! sties and derivatives (intesti- 
nal). Cutaneous derivatives, moxfe, and setons must be avoided, on ac- 
count of the frequent complication of the disease with cutaneous anresthe- 
sia, and the tendency to eschars. Electricity, in its different fornix, should 
not be employed, so long as inflammatory symptoms are still present. 

Belladonna and ergot are highly praised by Brown-Sfiquard (Lect. < 
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the diasn, and treat, of paral. of the lower extremities, London, 1861), 
From tne restilts of his experiments on dogs, in whom large doses ol 
these two substances produced contraction of the vessels of the spinal 
pia mater, with diminution of the reflex excitability, Brown -SSquard 
recommends these drugs in the cases of spinal irritatioa in which the 
indication is to diminish the afflux of blood to the cord and to stimulate 
the nerve elements. This includes spinal hyperemia, meningitis, and 
recent myelitis. The vascular contraction, which is probably due to irri- 
tation of the vftso-motor centres, does not appear to be very marked in 
extent or very lasting, since, after suboutaneous injections of concentrated 
solutions of ergotine in dogs, I have seen the tension of the blood barely 
rise above 40 millimetres. 

Chronic myelitis, which develops after the symptoms of irritation and 
Inflammation have disappeared, must be treated according to the prin- 
ciples which will he laid down in the foUowiag chapter. 

B. — Chbonio Parbnchymatous Mtbutib. 

The large group of chronic inflammations of the cord is divided for 
the sake oi convenience, into two categories, viz, : the primary and the 
secondary forms (difEuse sclerosis). 

la primary myelitis the inflammation proceeds from the tissue of the 
cord itself. Prolonged or frequently repeated congestions may give rise 
to a primary hyperplasia, starting from the interstitial tissue of the cord. 
Continued stimulation of the nerve fibres and cells may also cause profound 
cbttnges in them. The inflammation and its sequences ohiefly involve 
either the columns of the cord or the gray matter, or both combined, and 
extend over a variable distance. 

In secondary myelitis the lesions are due to external destructive pro- 
cesses {diseases of the vertebrae, perimeningeat and intermeningeul in- 
flammations or hyperplasia, and tntra-medullarj neoplasms). Sometimes 
circumscribed foci form in the cord, but in other cases they occupy a 
large part of its transverse diameter. 



Chkonic Pbimakt Mtklitis. 

Pathological Anatomy, 

Tntra-medullary inflammatory processes present the greatest analogy 
with the changes which characterize encephalitis. These processes, which 
are scarcely appreciable in the beginning, are not visible to the naked eye 
by any peculiar appearances, and the cord seems normal In volume and 
consistence. But, upon microscopical examination of the fresh cord, by 
teasing or in thin sections, we can observe a fibrillary network with nu- 
clei penetrating between the nerve fibres, nuclear proliferation in the 
walls of the vessels and granular bodies in the ganglion cells. 

After the cord has been hardened in alcohol and concentrated solutions 
of bichromate of potash, the diseased parts are, at first, colored more 
strongly, and become still more marked after the preparation has imbibed 
carmine or aniline blue; the section is Gnallr cleared up by means of 
turpentine, poppy-oil, creosote, benzine, carbolic acid, etc. We may then 
' recognize the proliferation of the neuroglia by the multiplication of the 
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nuclei and by the enlargement ot the spaces between the transverse seo' 
tions of the nerve-fibres. The vessels which are most diseased present 
thickening of the tunica adventiila and nuclear proliferation, and are very 
often obstructed by thrombi. At a more advanced stage of the deg-ener- 
atioi: the nerve tubes which are at first swollen, become shrivelled, the 
myettne is disintegrated and transformed into fat, and finally, the axis 
cylinder also disappears by atrophy. The gray horns are often unsym- 
metrical, and their nerves cells are opaque, of an cedematous pallor oi 
opaline, with dark borders, deprived of their prolongations and contain- 
ing abundance of fat or pigment. Lymphoid elements develop in the 
basement tissue, especially around the vessels; in rare cases we find pur- 
ulent elements distributed over a large surface. These anatomical changes 
may extend over considerable segments of the gray substance of the cord, 
combined with swelling of the adjaitent tissues. At a. later period, after 
absorption of the exudation and nervous detritus, the gray substance is 
transformed into a red tissue (central softening of the cord, Albers) and 
is replaced by a fine vascular meshwork or by an oblong cavity formed of 
a laminated tissue (Bokitansky). 

In other oases the degeneration is not limited to the central gray axis. 
It leads to the spontaneous formation of foci (sometimes multiple) which 
invade the transverse diameter of the cord to a greater or less depth. The 
oord then projects above the cut section and is softened. According to 
the duration o£ the lesion it assumes a reddish or grayish-yellow tint, and, 
under the microscope, shows debris of tissue, granular cells in abundance^ 
amyloid corpuscles, pigment masses and destruction of the vessels. The 
softening of the tissue, caused by exudation, may also terminate in gran- 
ular disintegration (Look hart- Clarke). The tissue surrounding the ves- 
sela is, at first, transparent, and softened, with disintegration and segmen- 
tation of the nerve fibres. It then increases in fluidity and transparency, 
until finally the nervous and interstitial tissues become transformed into a 
finely granular matter or into an opaque and granular Quid. According to 
Midland and others, this process is produced by an exudation from the 
neighboring vessels. FinaUy, fissures and cauals arc produced in the cord 
throughout the white and gray substance. Myelitis often terminates 
in sclerosis of the tissues. Upon cut section, the cord is found traversed 
to a variable extent by gray or yellow striw (in an ascending direction) 
of a gelatinous or firm consistence. The network of the reticulum, 
formed of the elements of the neuroglia, has been transformed into large 
stellate corpuscles and the nervous elements have undergone fibrous 
metamorphosis. The hyperplasia of the ependyma of the central canal 
may also terminate in the formation of fibrous columns, in atrophy of the 
white and gray substances, and in the development of cavities in the 
cord (peri-ependymal sclerosis of Hallopeau). 

The inflammatory processes may also involve the membranes of the 
cord, and the nerve roots. In chronic myelo-meningitis hypertrophy of 
the cells and proliferation of the nuclei occur, according to Frommann 
(I. c), in the arachnoid and pia mater, around the vessels, in the neuroglia 
and in the cortical layers. The nuclei receive fresh protoplasm and form 
new cells, whose anastomotic meshes become more and more filled with 
nuclei and, by their increase, cause compression of the nerve fibres, the 
transformation of the myeline into a finely granular substance, transpa- 
riiicy and pallor of the axis cylinders, and, finally, the appearance of large, 
stellate, varicose bodies. The nerve roots are often affected with neuritii 
and granulo-fatty change of the nerve fibres. 
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Etiology. 

Among the etiological factors we must mention, in the first rank, ds 
bilitating social conditions, excessivo exertion and exposure. The sudden 
cessation of the menses and of the perspiration of the feet should not bo 
considered as causes, but rather as effects of a central vascular irritation 
(especially induced by exposure), with consequent disorders of the influenco 
of the cord upon tne secretions and excretions. Feinberg has demon- 
strated experimentally that the application of intense cold to the cord may 
produce myelitis. 

Among' the causes are also included traumatic lesions and concussion 
of the cord, especially described by Erichaen— the railway-spine of the 
English (with vertigo, irritation, weakness, paralysis, aoffisthesia, etc.). 
In a case of this kind observed by Gore, Lockhart- Clarke found atrophy 
of the cord, especially upon its posterior circumference, and, furthermore, 
chronic inflammation of the cerebral and spinal meninges, with inflamma- 
tory lesions in the cerebral cortex. According to OUivier, Hine, Leyden, 
etc., mental shocks, especially from fright, may also give rise to medullary 
paralyses. Certain forms of medullary affections often appear after severe 
diseases, such as typhoid fever, puerperal diseases, acute exanthemata, 
and diatheses. Neuritis may also extend to the cord and there produce 
profound changes, as Tiesler and Feinberg demonstrated experimentally 
a short time ago. They found spots of softening disseminated throughout 
the cord, after peripheral inflammations followed by ascending neuritis. 

The male sex, which is more exposed to external noxious influences, 
generally furnishes a larger quota o£ medullary affections than the female 
sex. Among forty-four cases of simple myelitis, or of myelo-meningitis, 
collected by llrown-S6quard and Ramskill (loc. cit.), there were thiity-five 
males and nine females. But in the working classes in which women are 
not less exposed than men to the vicissitudes of life, the predisposition of 
the male sex to myelitis diminishes very much, as I have been able to 
ODMviucB myself by fifteen years' observation in the Vienna hospitals. The 
largest number of the victims of myelitis are found in middle age. 

Sy mptomtUology. 

In the majority of cases myelitis develops in a slow and insidious 
manner. Slight, wandering rheumatic pains, an abnormal sensation of heat 
or cold, tingling or numbness of the limbs, and temporary sensitiveness, 
from time to time in the back — these are generally the first scarcely ap- 
preciable peripheral manifestations of central irritation, denoting hyper- 
emia and irntatioa of the gray matter. The latter, on account of its 
abundant vascular supply, is more predisposed to inflammation than the 
white substance. The first signs of sensory irritation then become more 
and more apparent. The dull transient pains of the neck or loins become 
L more severe and persistent, and are often combined with a sensation of 
I numbness in the thorax or abdomen. From time to time neuralgic pains 
K appear and radiate into the limbs. The skin and muscles (especially over 
K the vertebriE and intercostal spaces) present hyperajsthesia and exaggcr- 

■ »ted sensibility to pressure (vide General Characteristics, p. 171). 

I At a later period, when the degeneration of the cord extends in a 

■ transverse direotiou, the symptoms of sensory depression become mure 
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and more prominent. The patient at 6rst complains of numbness of tbt 
fingers (especially in the territory of the ulnar nerve) or toes and, later, 
he experiences in walking a sensation aa if aaudor wool were placed imder 
the Bolea of the feet. At a more advanced stage of the disease, partial 
paralyses of sensation appear. Generally, as we have mentioned above, 
tlie sensibility to tickling disappears first, then the sensibility to contact 
and pressure, to temperature and finally to pain. Even whea the sensi- 
bility appears to be intact, we may soon recognize, with the aid of the 
testhesiometer, phenomena which differ markedly from the normal con- 
dition; or, if wo touch the skin with a, pen dipped in ink and direct the 
patient to indicate the points which have been touched, we will be able to 
determine errors of several centimetres. 

The regions involved in the anicsthesia and analgesia extend from 
the inner surface, but more frequently from the posterior surface 
of the thighs to the hips and loins, and from the lower part of the 
trunk towards the lateral portions of the abdomen. Normal sensibility 
is again observed, after passing a narrow zone, in which sensation 
is merely dulled. Certain regions supplied by the sacral nerves (the 
inferior gluteal region, the perineum, and the genital organs), and certain 
portions of the limbsand neck sometimes escape the abolition of sensation. 
When the sensibility to pain is changed, cold water or a current of cold 
air may give rise to a sensation of scalding, or all the various modes of irri- 
tation may be converted into a feeling of tickling or numbness. In other 
cases retardation of perceptions occurs, or irradiation of sensations in an 
upward or downward direction, or even to the opposite side. Some of 
these peculiar aberrations of sensation are explained by the resistanoe to 
transmission, and by partial changes and obstruction in the gray substanoe; 
and others, by a concussion which is communicated by degrees to the cen- 
tral origins of the different nerves, whence they radiate directly to the 
periphery, or, by decussation, to the other side of the body. 

In many cases o£ myelitis analgesia occurs without tactile anffisthesia. 
The exclusive abolition of sensibility to pain ia due, according to Schiff's 
experiments, to a lesion of the gray substance; the loss of tactile sensi- 
bility with preservation of the sensibility to pain, to a lesion limited to 
the posterior columns. On the other hand, Brown-Sequard and Vtllpian 
admit the existence of only a single system of conductors in the gray 
columns for the diSerenL varieties of sensibility. But as physiology has 
need of new explanations of these fundamental questions to which histol- 
ogy has hitjierto furnished no solid basis, and as the anatomical lesions 
{vide a case of this kind under caries of the vertebrie) are not limited to 
the columns of the cord, or to the gray matter, but almost always involve 
the nerve roots as well, clinical observation has not been in a position 
hitherto to sanction either one or the other of the theories advanced. 
The motor disorders appear in the beginning as symptoms of peripheral 
irritation. They consist of muscular spasms, partial contractures, i 
choreiform tremor of the limbs, these movements being excited by exe 
tion. Generally the symptoms of irritation soon give place to evident 
signs of depression, rapid fatigue in walking or standing, stiffness, and 
heaviness of movement, especially immediately after rest. At a later 
period one leg and then the other refuse to perform their functions, and 
both limbs are finally rendered incapable of supporting the weight of tliB 

When the degeneration is propagated to successive layers of the par- 
enchyma of the cord, the le:>ious, at the same time, involve the fibres ol , 
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the anterior roots, which (according to Gerlach) take a transverse course id 
order to enter the cells of the anterior horos, and also affect the longitudinal 
asceodiag fibres which pass into the antero-lateral columns to terminate in 
the motor ganglia of the brain. If the medullary degeneration is circum- 
scribed, it may only attack a portion of the transverse fibres of the ante- 
rior roots and the gray cells which give origin to the root fibres of the 
upper and lower limbs. In other cases the lesion chiefly involves the 
ascending longitudinal fibres, and the communication between the gray 
Bubstance of the brain and the anterior gray substance of the cord is in- 
terrupted. Pathological anatomy has also demonstrated that medullary 
paralysis may arise from transverse lesions of the gray matter, or of the 
white substance exclusively. But in almost all the important varieties 
of parenchymatous transverse myelitis, the degeneration also extends in a 
diffuse form to the paths of conduction which connect the brain and spinal 
oord. 

The loss of motion extends from below upwards, more rarely in the 
inverse direction, according to the extent of the lesion and to the fibres 
vhich arise from the diseased part. Certain symptoms depend, in the first 
place, upon the situation of the medullary lesion. When it involves the 
cervical cord, motor and sensory paralysis occur in the upper limb and 
upper portion of the trunk, with inequality of the pupils, dyspncea, disor- 
ders of deglutition and speech, palpitation of the heart, and irregularity of 
the pulse. Affections of the aoraal cord are characterized by increase of 
reflex eicitabihty, and by spasm followed by paralysis of the sphincters and 
of the lower limbs. Lesions of the lumbar region are accompanied by 
painful sensations in the loins and along the sciatic or crurat uerves, with 
genital e.\citement, followed by impotence, and symptoms of paralysis in 
the legs. In the majority of cases the degeneration of the dorso-lumhar 
portions of the cord is more marked, and the symptoms appear in accord- 
ftDce with the seat of the lesion. 

According to the severity of the chronic parenchymatous myelitis, and 
its extent iu a horizontal direction, the muscles become separated from 
their trophic centre, and undergo atrophy, their electrical contractility 
and sensibility diminish more and more (especially in the extensors of 
the thigh and foot), together with the galvanic excitability of the nerves. 
The reaction at tbe positive pole disappears more quickly than that at the 
negative. At the same time the reflex excitabiUty, which was preserved 
at the beginning, also becomes involved, and is sometimes even increased 
(with movements in the antagonists, or even in remote groups c 
muscles). The deterioration of the electrical reaction, and the coi 
siderable diminution in active motion which almost always accompanie 
it, indicate that the myelitis is increasing in extent and intensity. 

The genital functions are usually excited in the beginning, and frequei 
and complete erections occur. We very often observe, at an early periot 
a disproportion between sexual desire and its satisfaction. The ejacult 
tion is then difficult or precipitate, frequent pollutions with exacerbation 
of the spinal pains, and gradual impotence occur. Cases of prolonged 
priapism are rarer. In the article on fractures of the vertebne I shall 
port a curious case of priapism continuing thirty-six hours after death, from 
a lesion of the cervical cord. The functions of the bladder are generally 
disturbed from the beginning. There is frequent desire to urinate, espe- 
cially after exertion, excitement, or irritation of the cord. At a laterperiod 
there is frequent emission of a few drops of urine, the stream loses its 
force and continues to escape in drops after uioturition. The patient ia 
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tliuti obliged to strain in order to urinate, or micturition even becomes im- 
possible unless he is seated or lies upon the side in certain positions. 
Somatimes, after painful spasm of the bladder, the retention of urine be- 
comes complete and recourse must be had to catheteriara. 

According to the latest experiments of Budge (Zeitscbr, t. rat. Heilk., 
XXI., and Pltueger's Arch,, II, BJ.) the emission of uriue is produced by 
all the muscular £bres of the bladder and not by a sphincter proper. The 
muscles which prevent tbe flow of urine, viz, : the urethral muscle (also 
called constrictor of the urethra, or internal sphincter) and the bulbo-cav- 
ernoaus belong to the urethral canal. The motor nerves of tho bladder 
and muscles of the urethra are derived from their centres and pass through 
the cerebral peduncle, the restiform bodies, and the anterior columns, and 
escape from the cord through the third and fifth pairs of sacral nerves. 
The sensory nerves of the bladder are contained in the posterior roots of 
the third, fourth, and fifth pairs of sacral nerves. By reflex aotiou these 
nerves maintain the tonus of the muscles of the urethra, whose oontrac- 
tioii is also subject to the action of the will. 

Experimental section and pathological lesions of the cord as high as 
the Sfth sacral Jierves, produoo ischuria, from reflex increase of the tonus 
of the urethral muscles. After some time the fulness of the bladder and 
the pressure exercised by it upon the contracted urethra! muscles give 
rise secondarily to incontinence. If, on the other hand, the lesions of the 
cord are situated lower in a position in which the conditions of the reflex 
act do not exist, a true paralysis of the musoles which close the bladder 
occurs, the urine escapes drop by drop, the action of the vesica! muscles 
meets no further obstruction, and the incontinence is then primary. 

I have several times seen febrile movements develop in the course of 
chronic myelitis, with an elevation oE temperature appreciable to the ther- 
mometer, loss of appetite and heavily coated tongue. This febrile con- 
dition is usually due to exposure or over-exertion, and I have seen it con- 
sidered as a walking form of typhoid fever. It is merely an exacerbation 
of the inflammatory process, increased by external influences. It lasts a 
short time, but is usually followed by a more rapid deterioration of the 
motor and sensory faculties. 

The disease only passes into the last stage after the lapse of several 
years. Motion and sensation are then paralyzed, the malnutrition of the 
muscles advances more and more towards the upper parts, and the para!y- 
sis of the sphincters causes involuntary evacuation of fiecal matters and 
of urine. The latter accumulates and decomposes in the bladder, purulent 
cystitis develops, with dilatation of the bladder and pelves of the kidneys, 
sometimes accompanied by chills and uriemic symptoms (vomiting, diar- 
rhcca, cerebral symptoms). Patients suffering from myelitis usually perish 
at the end of several years, with bed-sores over projecting bony parts 
which are most exposed to pressure, and in a condition of marasmus and 
continually increasing paralysis, or they are carried off by acute inHamma- 
tory complications. 

Diagnosis and Prognosis. 

In order to recogni/e the initial symptoms of myelitis we must pay 
nrict attention to the first peripheral symptoms of medullary irritation. 
These are the vague (neuralgic) pains, which are often unreeoguiied or 
wrongly interpreted, circumscribed sensations of cold or numbness in the 
limbs, circumfcribed amesthesia or analgesia and disseminated hypei- 



DISEASEa or THE NEKTOUS SYSTEM. 205 

testheaia. We must pay equal attention to the abnormal excitement of 
tlio genital organs and the seminal losses followed by exacerbation ot 
the epiiial pains. 

At a later period the nature of the disease becomes more evident, the 
disorders of sensation become more widely distributed and occupy the cu- 
taneous territories of the spinal nerves, and the parapleg'ic character of 
the paralysis becomes more marked. If we carefully consider the mode 
of development of these symptoms, we will not readily mistake the disease 
under consideration for other paraplegias. 

Cerebral paraplegia is often produced by two distinct hemiplegias, 
and is complicated by paralyses of the cranial nerves, especially in lesions 
of the median portions of the pons, or of the base of the brain (vide p. 51). 
J'araplefria from s}?inal apoplexy is recognized by its sudden onset, by 
the rapid loss of voluntary and reflex motion, and of electro-muscular con- 
tractility. ParapUffia from Bpinal meningitis is character! ?;ed by its 
febrile onset, the painful stiffness of the muscles, and by the tonic spasms 
and the peculiar electrical reactions to which we have previously called at- 
tention. We shall reserve for a future period the differentiation from 
paraplegia dtte to compresaion of the cord, and the so-called re/lex para- 
plegin. Finally, we can readily distinguish hyslerical paraplegia by the 
coexisting anaesthesia of the skin, mucous membranes and deeper organs, 
by the abolition of electro-cutaneous and electro- muscular sensibility, by 
the preservation of farad o-galvanio excitability, and by the existence of 
other hysterical phenomena. 

Primary chronic myelitis almost always advances to a fatal termination, 
and cases of complete and pennanent recovery demand rigid scrutiny. 
The term chronic myelitis is often employed to include reflex paralyses 
caused by slight exudations into the spinal meninges, by stasia of the 
venous plexus in the pelvis, by inflammations propagated to the intra- 
pelvic cellular tissue or by diseases of the abdominal organs, and these 
cases are then complacently reported as examples of recovery. But in the 
majority of cases of myelitis, we Liust remain satisfied with more or less 
improvement in the disorders of motion, sensation, and nutrition. 

We may state, in general, that the lower the site of the myelitis in the 
cord, and the more the symptoms indicate that the lesion is extending 
slowly across the transverse diameter of the cord, the longer will be the 
duration of the disease. In certain severe forms all therapeutic measures 
are unavailing. These cases last two or three years, while the more benign 
forms may continue six or eight years and even longer. The patients 
usually die, as we have stated above, from marasmus, from the effects of 
bed-sores, and from cystitis with pyelitis, which sometimes gives rise to 
diphtheritic or gangrenous softening of the mucous membrane and to 
hematuria. The death of the patients may also ensue from pneumonia, 
tuberculosis, etc. 

Tyeatment. 

Energetic counter-irritation (wet cups, setons, moxas, etc.), which is 
highly praised in recent forms, is ineffectual against deeper inflammatory 
ohanjres in the cord. The only results obtained thereby are numerous 
unpleasant cicatrices. Iodide of potassium may have a favorable influence 
on the absorption ot meningeal exudation, but tt is acknowledged that it 
is ineffectual in the treatment of inflammatory and hyperplastic processes 
in the cord itself. 



BrowD-S^quard reoommenda the employment of belladotiiia and er- 
gotioe, on account of the contraction of the vessels which they produce in 
hypertemia of the cord (vide p. 199). I have often employed tneae drug) 
for a I'^ng period in tne congestive forms of myelitis, without having 
been able to observe any appreciable diminution in the irritative symp 
toms. Strychnine is contraindicated in those caaea, on account of the 
hyperfemia to which it gives rise. It ia more serviceable as a, stimulating 
ag'Cnt in aymptoms of depression. But as the strychnine haa no eSect 
upon voluntary movements and only excites reflex action the patienta can 
derive little benefit from its escluaive employment. 

At present we employ more commordy and with more success the 
therm o-hydropathic and electrical measures of treatment. The warm 
mineral waters (Wildbad, Gastein, Teplitz, Bagaz, etc.) are especially 
useful against the neuralgic pains, the spasmodic phenomena, and those 
forms of the disease which are accompanied by stiffness of muscles and 
unpleasant sensations of cold. Cool baths have a more tonic and invigor- 
ating action. Their temperature should be gradually lowered to 22° or 
18° C, and frequent affusions should be made to the back. The stimu- 
lating action of the temperature upon the numerous sensitive nerves of 
the akin is transmitted to the brain, and to the medullary and vaso-motof 
centres, and reinforces the reflex acts presiding over the circulation, respi- 
ration, and the functions of the abdominal viscera. 

The dinmeter and ntpidity of the vaacalar currents traversing the skin differ very 
mncb, according to the actnal tempera.bQre of the integument, on account of its octioa 
npoQ the YHBcnlar muBcIea. According aa the bath dilates Or contractB the vaBoalsr 
mtishes iu the akin, tbe mean piexsuie of the blood, and the number of blood g'lobnlas 
which can'; oxygen to the other orgaca, will dimialHU or inorease, and these phenom- 
ena exert a great inflnence upon Che nntrition of the tisauea, and upon the elimina- 
tion of eicrementitiaoB matters. On the other hand, the more the temperature of the 
bath ia lowered the more the abstraction of heat by the water will act npon the de- 
velopment of heat by the current of blood. The atimulatiug aution of the lempera- 
tnro upon the nerve fibres will be felt so ranch the longer, the more the temporataro 
of the nervee deviates from that of Che surrounding medium. Aooording to Osbome'a 
experimeuta [Dubl. Quart. Journ. of Med. Science. IHOS), water posseaaea a. refrigera- 
ting power twelve times greater than the air ; it is, therefore, twelve timea colder for 
the body, all things being equal, than air at the same temperature. The atimalating 
action of cool bal^B upon the nervous system will be ao much the more intense, the 
weaker and more impresaionable the tatter becomea (and this is SKpecially so ia mye- 
litis). 

Hydropathic treatment with oool half-baths may be often preceded by 
the followmg measures, viz.: wet -packs {especially in neuralgic and spas- 
modic symptoms), or frictions with wet cloths (as a weaker stimulant). 
We thus produce dilatation of the vascular canals of the skiu, wbion 
soothes and calms the irritation of the deeper organs. 

With regard to electrical treatment, we may recommend the cautious 
application of ascending galvanic currents along the vertebral column, 
and from here to the nerve trunks (3—5 minutes). Currents which pro- 
duce strong and painful contractions and the tension current of the in- 
duction coil, must be avoided in conditions of great irritability of the cen- 
tres. In the treatment of paralysis of the bladder I have found the 
greatest advantage from galvanization by introducing one electrode into 
the rectum, and by applying the other to the symphysis pubis or perineum. 
Direct electrization by means of the vesical electrode is usually too irri- 
tating. Benefit is also derived from combining moist frictions, ascending 
douches to the perineum and douches to the lumbar region. 
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Symptoms op Seconxiakt Myelitis (fbom compression). 

We here refer to those forms of spinal paralysis from compresaioi 
which neoplasms which originate externally, or which occupy the obsi 
canal, the meninges, or even the cord itself, exercise upon the latter a 
oontioualiy increasing pressure, and thus jrive rise to and maintain a 
ofaronio degeneration of its parenchyma. The cause of this compression 
has less influenae upon the symptomatic manifestations than the situ- 
ation and mode of propagation of the consecutive central changes. 

The anatomical changes which secondarily extend their destructive 
action to the cord, affect both the site of compression and also certain 
bundles of fibres which, starting from a morbid focus limited to the cord or 
the nerve roots, extend along the whole length of the spinal axis. At the 
point of compression the cord is atrophied, sclerosed, and the nerve fibres 
are more or leas completely destroyed. Starting from this primary focus 
the degeneration follows the different columns of the cord in an ascending 
or descending direction, and diminishes in extent and intensity from its 
origin to the extremities of the cord. 

These secondary changes were first thoroughly studied by Tuerck 
(Sitzb. d. Wien. Akad. d. Wisa., Bd. XL, XVI., u. XXI.) in cases of com- 
pression of the cord from lesions of the vertebrse. In those portions of 
the cord situated above the lesion the anterior columns present their nor- 
mal appearance, or are only involved at the point of disease. The poste- 
rior columns are affected by an ascending degeneration, either in their 
totality or for a considerable distance, or only in their internal segment. 
On the other hand, in that portion of the cord situated below the lesion, 
the posterior columns are intact, and the degeneration only affects the an- 
terior and lateral columns, and sometimes only the posterior portion of 
the latter, Comil and Lange have observed ascending degeneration of 
the posterior columns in cases of tumors eompresaitig the posterior 
roots. 

Westphal has obtained these secondary degenerations experimentally 
in dog^ (Arch. f. Psych., II. Bd.), by perforating the cord without opening 
the spinal canal. In the lesions of this nature, which chiefly affected the 
posterior columns, the adjacent gray aubatance, or the iotGrnnl portions of 
the antero -lateral columns, the posterior columns were also afTected by 
ascending degeneration, and the antoro-lateral columns by descending de- 
W generation. Westphal (I. c.) has observed another peculiarity in man in 
cases of tumor compressing the cord. He has seen upon transverse sec- 
tion of the degenerated portions, and especially of the posterior columns, 
ring-shaped or oval figures, which were rendered more distinct by stain- 
ing with bichromate of potash, and often enclosed another central point 
of degeneration. The clinical history of prolonged compressions of the 
cord may vary very much, according to the situation and violence of the 
primary lesion, and also according to the number and intensity of the 
■ymptoms. Most frequently the first morbid signs which make their ap- 
L pearance are disturbances of sensation. They consist of tingling, pruri- 
■ tuB, a feeling of constriction, numbness, etc., which denote irritation of 
I the nerve roots, or of their prolongations into the gray substance. By 
E careful examination (by means of the lesthesiometerl we are soon able to 
I recognize anomalies of cutaneous sensibility, and of its different varieties, 
I I shall describe, in detail, under the head of vertebral caries, a personal 
I observation of analsesia <n ithout tactile amestbesia, with the results of 
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the autopsy. As we have already stated, retardation of perception 0( 
irradi:ition of sensihiiity may occur in other nasos. Complete abolition of 
sensibility in the limbs is only observed in transverse degenerations of the 
gra.y substance, and in lesions of the gray lioma. Tbe anossthesia, as we 
shall show by several examples, occupies certain definite regions, corre- 
sponding to the distribution of the cutaneous nerves. When aniesthesia 
dolorosa {painful anrestheaia) occurs, the peripheral terminations of the 
nerves may be degenerated, although the central portions stlil receive 
stimuli and transmit them to the gray substance. 

Among the symptoms of sensory irritation we may mention hyper- 
lesthesta (cutaneous and muscular), the peculiar anomaly described by 
Charcot under the name of dysiestheaia (very painful delayed sensations, 
like the tingling experienced after pinching, and the local applications of 
cold), and different varieties of neuralgia. When the degeneration occu- 
pies the upper portions of the cord the pain may assume the appearances 
of a cervico-ocoipital, cervico-brachial, or intercostal neuralgia. W'hen the 
lesion is situated further down, crural, sciatic, or abdominal neuralgias 
will result. In cases of extra-medullary compression (exceptionaliy in 
intra-raedullary lesions) severe, sharp, pseudo- neuralgias, described by 
Cruveilhier and more recently by Charcot (neuritis of the nerve roots 
or peripheral branches often) occur, and are characterized by the absence 
of tender spots on pressure, and by their combination with trophic disor- 
ders. Finally, these authors have observed, especially in cancer of the 
lumbar vertebrre, a paraplegia dolorosa (periodical pains of extreme inten- 
sity, increased by active or passive motions, and accompanied by cuta- 
neous hypenesthesia. 

The first symptom on the part of the motor nerves consists of paresis, 
which soon changes to paralysis. We also observe spasms, muscular 
rii^idity, permanent contracture of the paralyzed limbs (from sclerosis of 
the lateral column, according to Charcot), and epileptiform attacks. The 
latter consist of convulsions of the lower limbs, produced especially by pas- 
sive movements (forced extension of the toes), rarely spontaneously, and 
may be explained by exaggerated stimulation of the gray substance, with 
diminution of the inhibitory action of the brain. These symptoms, termed 
spinal epilepsy by Brown-Sequard, are better described as reficx spinal 
spasm, reserving the term spinal epilepsy for those cases (sometimes seen 
in caries or wounds of the vertebrre) of general convulsions with disorders 
of consciousness. Brown-S6quard has experimentally produced these 
phenomena, the centres of which are found in the medulla oblongata, and 
in which the cord only acts as a conductor. The paralysis may be at first 
confined to one of the upper or lower limbs, on account of a unilateral 
compression of the nerves of the brachial plexus, or of the Cauda equina. 
Spinal hemiplegia follows compression of the antero- lateral column of tha 
oord on the same side, or of the medulla oblongata on the opposite side. 
Crossed hemiplegia with hemianfesthesia is a very rare form, observed by 
Charcot and Gombault in cases of tumors occupying one side of the cord, 
us we shall illustrate by examples. 

Paraplegia is the most frequent form of spinal paralysis from compres- 
sion. It usually occupies the lower limbs and is, for a long time, com- 
bined with a slight alteration of sensibility and increased reflex excita- 
bility. Cervical paraplegia is much rarer and is due to various causes of 
inedullaiy compression. It has been especially investigated by Gull 
(Guy's Hosp. Reports, IV., 1358), and more recently by Charcot (Lejoni 
sur ies maladies du syst. norveux, 2* fasc. 1S73). As tnis double paraly 
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819 of the arms possesses great scientific and diagnoatio interest, it will 
rot he unprofitable to analyze the experimental and clinical data at our 
command. Some of them have oome under my own obaervation, others 
belong to different observers. 

If we extirpate the SiBt Tsrtebrie in frogs, at the height of the upper pertian of the 
MrviciiJ ontargement, and remoTS a. portion of the cord towanlii tta anterior mirf ace and 
extecding from one side to the other, the animal will present a defleotioo o£ tlie bead 
and piiralysiB of the two anterior limbs. The lutterntQ direoted inwards dming' the aut 
of jamping, and their BenEibility to mechanical and el totrical irritutiona is niackedlj' di- 
miniabed. At the end of eight Co ten days the motor power of the Qiigers bej^ns to 
improve. Microsoopical examination of the hardened oord showB a bjaliuo esa'7ation 
deposited between the nerve flbren, and pUB globules aoattered in large number 
throughout the graj subatanae. and grouped in places around the central canal. We 
may also reach the anterior cervical cord in rabbits by tbe same proeednre, and dyap- 
ncaa, bypeneathesia and pnialyais of the two anterior limba, or even of the posterior 
eztremitieB are thus produced. In rabbits we may act upon the anterior portion of 
the cervical cord through either the anterior or posterior snrfaoe of the vertebral 
ooliunn. Id incision or excision of the cord from the kuterioi aurfaoe, great difficnlty 
ia experienced in the extirpation of the corresponding bodies of the vertebra, and the 
operation is also more difBoult and dangerous on account of free htemocrbage. if the 
oord is only incised upon one side, hemiplegia will occur upon the same side of the 
body. If the inoiaion of the cord pasaas the median line and involves the two lateral 
oolnrnDs, palalyais will occnr in the two anterior liniba, often with paresis of one of tha 
poeteiior extremities. 

The paralysis of the anterior limbs is usnally incomplete, and chiefly involves th» 
extensors, the flexors being less aSeoted. In most cases the animal ia Immeiliately 
seized with intense dyspntea, soon followed by partial tetanic spasms of the extremities 
and, finally, by epileptiform convulsions. Death occurs at the end of twenty-four to 
thirty-«.x hours. Upon antopsy a considerable intrnmeningeal, often also intra- 
medullary bEemorrhage, is found at a point cDTcespondiog to the lesion. 

The operation la less difficult and aerious when performed through the posterior 
Bntface of the vertebral column. The spinous prooBRsea of the upper cervical vertebrm 
are raised, and a carved india-rubber needle is directed laterally upon the coril. avoid- 
ing the hCeral venons plexuses. The cord is then cantionaly drawn ont. and incision 
or eiciaion ia performed with a fine knife, which should be curved on the flat. This 
operation ia foUowed, aa we have Eta.ted above, by incomplete paralyais of the anterior 
limba, or even of one of the posterior extremities. Diiturbance of reflex action also 
often occurs. If one of the sdatio nerves is exposed and stimulated with eleclricity, 
oontractions will be produced in both posterior limbs, while the anterior ones remain 
quiet, it the median nerve is stimulated, the corresponding extremity will alone con- 
traoL At the autopsy a haemorrhage is found in the cervical region, xtarting from 
the traoBverse section of the cord, and leaving only a few thin lamellie of tissue intact. 
In the portions below this it is coutiaeii to the gray substance and further back, merely 
B few beemoirh^^ specks are visible (Med, Jahib., T. IV., 1876). 

Clinical observation agrees with experimental investigation, and has 
ahown that in cirourascribed myelitis of the cervical region paralysis first 
occurs in the upper limbs, and later In the lower limbs, with diaturbancog 
of sensation and reflex excitability. Acute myelitis of the cervical por- 
tion, from fracture or dislocation of the first vertebrte, or from the pres- 
ence of tubercles in the gray substance of that region (Budd), may begin 
with isolated paralysis in the upper limbs. In cases of compression from 
caries of the first dorsal vertebne, degeneration may occur in the two 
lateral columns extending upwards to the cervioo- brachial enlargement, 
^nd may produce, according to Charcot and Michaud, paralysis aiid contrac- 
ture of the upper Hmba. Finally, atrophy of the cells in the anterior gray 
horns of the cervical region, which serve as the origin of the root fibres of 
the upper limbs, may be followed by paralysis of both arms. 

Coilular atrophy and the consequent paralysis run either an acute or 
chronic oourse, and their clinical manifestations vary accordingly. Thus 
L 14 



Raymond (Trogrfis MeJic-al, 17, 1S75) has published a case of central my- 
elitis, followed by death at the end of twelve days, in which complete paral- 
ysis of the left arm (with diminution of faradic escltability) and incom- 
plete paralysis of the right arm had occurred during life. At the antopsy 
llie cervical enlargement presented sclerotic lesions, the cells of the an- 
t-erior horna were wanting in places, and the interstitial tissue showed a 
moderate degree of nuclear proliferation. Infantile spinal paralysia re- 
sults, according to the investigations of Pr6voat, Charcot, Joffroy, Eeck- 
linghausen, Roth, and Leyden, from an acute degeneration of the cells of 
the anterior gray horns. In a case of this disease (which will be reported 
hereafter) I have observed paralysis and atrophy of the right arm, and less 



pronounced symptoms in the left arm. A similar disease has been ob- 
sen-ed in adults, during the last few years, by Duchenne, Frey, Bernhardt, 
Erb, etc. According to Gombault, Cornil, and Lepine, it is due to tatty 



r pigmentary degeneration of the cells of the anterior horns, and is some- 
times manifested by paralysis of both upper limbs, an illustration of which 
I shall describe at a later period. There is etill another form of cervical 
paraplegia, due to atrophy of the cells of the anterior gray horns. Tliis 
includes the double paralysis of the arms which occurs in the beginning of 
amyotrophic lateral sclerosis and in certain forms of progressive muscular 
atrophy. The cases of paralysis belonging to this latter category may 
be considered as amyotrophic forms of spinal cervical paraplegia. 

A third form, due to diseases of the peripheral nervous system, remainsto 
be described. In these cases the diplegia brachialis may be caused by an &%• 
travasation of blood around the upper nerve roots (Ollivier, Schuetzenber- 
ger), or by caries of the cervical vertebrre with consequent external pachy- 
meningitis, when the morbid products compress the nerves of origin of the 
brachial plexus on both sides. Finally, it may be due to internal spinal 
pachymeningitis (hypertrophic, of Charcot), which exercises circulareom- 
pression of the cord. Side by aide with these peripheral forms is a central 
variety which belongs to the preceding categories, according to Joffroy 

iSur la pachymeningitis cervicale hype rtrophi que, Paris, 1873). Ho has 
ound myelitic changes, especially in the cervical enlargement, and almost 
always with the formation of lacunse in the medullary tissue. 

We must make a careful analysis of all the symptoms in order to make 
a differential diagnosis between the various forms of cervical paraplegia. 
Peripheral cervical paraplegia from compression presents the characteris- 
tics of a neuritic paralysis. At the onset, pains and hyperalgesia occur 
in certain nerve trunks, followed by anifsthesia, abolition of reflex excit- 
ability and paralysis with muscular atrophy. In the beginning the elec- 
trical excitability is increased and afterwards abolished, the farado-mus- 
cular contractility is diminished, the galvano-muscular contractility is 
increased. In cervical paraplegiac aused by compression of the cord, the 
paralyzed limbs remain for a long time without any noteworthy change in 
volume, electrical reactions, and sensibility. The reflex excitability ia 
usually increased; when it is less marked, and after it has entirely disap- 
peared, we may observe from time to time painful spontaneous contrac- 
tions (spinal reflex spasms, from irritation of the gray matter, with dimi- 
nution in the inhibitory action of the brain). 

The ordinary forms of amyotrophic cervical paraplegia are easily rec- 
ognized. In the anterior myelitis of adults, the diagnosis depends upon 
the following symptoms: febrile attack, rapid paralysis of the legs, then 
of the arms, early atrophy of the muscles with the electrical reactions 
previously mentioned, absence of disturbances of sensation of the geni- 
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tal functions and of the sphitietere, with progressive improvement of 

When the spinal paralyses from oompresaioti increase in extent and 
intensity, the farado-muscuJar contractility and sensibility diminish more 
and more, together with the galvanic irritability of the muscles and nerves, 
nt first upon making and breaking the current at the anode, then upon 
making it at the cathode, and finally contraction only occurs with an inverse 
flirection of the current from the anode to the cathode (with the aid of a 
strong current). The compressions of the cervical cord or of the adjacent 

Cortion of the dorsal region also present other signs, such as oculo-pupil- 
iry disorders, and disturbaooes of the cardiac and gastric fibres of the pneu- 
inogastrio nerves. The oculo-pupillari/ disorders consist most frequently 
of a paralytic myosis (contraction from interruption of conduction, fol- 
lowed by dilatation), and of a spasmodic mydriasis (dilatation from med- 
ullary irritation of the dilator of the pupils). These symptoms may al- 
ternate, and are sometimes observed in both eyes, sometimes only on one 
aide. Pathological observations of this character have been reported by 
Ogle, Eulenburg, Rendu and myself. According to Budge's and CI. Ber- 
nard's experiments, the centres of innervation of the iris extend in the 
cord as low as the second dorsal vertebra. According to Salkowski, their 
upper limit, which is less clearly defined, is above the atlas. 

The persistent slowing of the pulse, from irritation of the cardiac Rbrea 
of the pneumogastric, forms a very interesting, but not well understood 
phenomenon of cervical lesions. I have described one case (Zeitschr. f. 
pract. Heilk,, 46, 1806) which has all the positive value of a vivisection. 
A boy, 15 years old, who had received a blow with a knife at the level of 
the sixth cervical vertebra, had temporary disturbance of consciousness 
and right hemiparesis, which disappeared at the end of twenty-four hours. 
Dilatation of both pupils, but especially of the left, was then observed 
and, for four weeks, the pulse varied from 56—48 beats per minute. Three 
months later the recovery was complete. 

Almont at the eame time, Landeis (Centialbl. 18<!5) demoDstrated that oompr«saioii 
of the Euperior Tena cava produced veaoiis congestion of the medulla oblongata and 
brain, mid ooQBiderable retacdntioa of tbe pulse. When the cerebral oongoation is more 
ina[l:ed, the alowiug of the pulse may even advance to complete arrest of the heart's 
iictioa. and may be complicated vrith epilepcifonn attoclis. Balberton'fl patient (Med. 
Chir. Trans. 34, 1841) eiperienced, in consequence of a fall, pain and difficulty in the 
moTementE of the head. During the following year he presented pereiBtent Blowness 
of the pulse (S3-16 beats per minute), espeaialiy daring epileptiform and syncopal at- 
tacks. At the nutopa; the medulla oblongata was found fattened, indurated, and 
compressed by a narrowing in the opper port of the spinal caoaL The ortiaulatioliB oC 
the atlas and occipital bones were anchylosed, and the dura mater thiokened. 

We have already spoken of the dyspnoaal symptoms following com- 
pression of the upper portions of the cord. They are explained by lesions 
of the phrenic, intercostal and cervical nerves, which are contained in the 
cervical and dorsal regions of the cord. When the abdominal respiration 
is enticely preserved it is evident that the compression has not involved 
the diaphragmatic nerve, the principal trunk of which passes through the 
fourth cervical nerves. Hiccough, disturbances of deglutition and gastric 
disorders (pains and frequent vomiting) are also observed in compression 
of the upper parts of the cord. Epileptiform attacks occur very rarely in 
man from compression of the cervical cord (Dumenil, Leudet, Bouchard, 
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of the bladder and rectum (which we have previously discussed) is added 
to the paraplegic disorders. In these eases, &lso, we may observe absenca 
of erections, or the paralysis of tfae vascular muscles and tbe venous dia- 
tention of the corpora cavernosa and glana may give rise to the production 
of priapism. In the following chapter, under the head of fractures of the 
vertebra, I shall refer to a case of priapism which persisted thirty-six 
hours after death. 

Finally, spinal paralyses from compression are sometimes accompanied 
by trophic disorders, such as the production of herpes along the distribu- 
tion of certain nerves, in compression or inflammation of the nerve roots 
and in degeneration of the cells of the spinal ganglia (Baerensprung, E. 
Wagner), the acute bed-sores ■which we have mentioned so frequently 

i Samuel., Charcot), acute articular inflammations (Mitchell), hydrarthrosoB 
Michaud), and the trophic changes in the muscles which we have previ- 
ously investigated. 

The diagnosis of paralysis from prolonged compression of tbe oord 
depends upon the manner of development of the symptoms, and upon 
disturbances which indicate a circumscribed anatomical lesion. A clinical 
analysis of the phenomena vrill more readily enable us to determine the 
situation and extent of the compression than the character of tbe primary 
affection, the symptoms being identical in most cases. We shall study 
the symptoma of paralysis frOm compression more in detail in the chapters 
on the individual varieties. 

In order to pass in review the different varieties of secondary myelitis 
(from compression), we must consider the multiple morbid processes which 
may develop in the organs surrounding the oord or in the cord itself, and 
following the anatomical order, we shall proceed from without inwards. 
Commencing with affections of the vertebrte, we shall take up the considera- 
tion of perimeningeal processes, then the intra-meningeal inflammatory 
products, tumors and parasitic growths, and, finally, intramedullary neo- 
plasms and diathetic spinal diseases. 
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CHAPTER XX 

COUFBESSION-HYSLinS, FOLLOWING DIBBASES 07 THB TBBTKBSJI. 

In the following remarks we shall only diacusa those vertebral diseases 
which give rise to secondary lesions of the cord or spinal nerves. The 
moat frequent and important morbid processes are caries, fractures, and 
dislooationa of the vertebrae; then follow spondylitis deformans, atrophy 
from compression (in consequence of aneurisms and hydatid cysts), and 
cancer of the vertebne. 

A. — GaSIBS of THB Vbbtkbb^ (Spondtiabthboc4ce). 

In the latter part of the last century, Pott had given a clear descrip- 
tion of this disease, which may terminate in paraplegia and in softening 
and inflammatory destruction of the vertebrfe. The meninges and pa- 
renchyma of the cord are, also, often attacked by the diseased process. 

In young subjects, the osseous tissue of t!ie vertebral bones undergo 
inflammatory softening and necrosis, in which the periosteum and joint sur- 
faces likewise participate. This results in relaxation and mechanical com- 
pression during movements which keep up the inflammation and terminate 
in giving way and displacement of the vertebne. The pus is thick and 
cbeeay, and appears in foyers or collects towards the dependent portions. 
In older subjects the affection begins in the intervertebral articulations or 
in the transverse apophyses. Chronic synovitis occurs, and the inflamma- 
tion then attacks the ligaments, the periosteum, and even the bones, ter- 
minating most frequently in destructive caries of the cartilages and bones, 
the vertebrie being hollowed out and dislocated. The inilammatory soft- 
ening not only affects the joint surfaces, but also the vertebral bodies, 
which become transformed into a cheesy mass containing debris of osse- 

This carious destruction and displacement produces, at a later period, 
kyphosis with an acute or obtuse angle. Despite permanent deformity, 
recovery may occur from arrest of the inflammation and the return to a 
more favorable condition of nutrition. The softened osseous tissue re- 
gains its normal rigidity and firmness, the vertebral column recovers its 
original solidity and again becomes capable of supporting the weight of 
the body. 

One of the most important phenomena in this affection is the partici- 
pation of the spinal meninges, the spinal nerves, and the cord itself in the 
carious process. It is rare that the meninges, and especially the dura 
mater (as we have shown above) remain completelv Intact. According to 
Michaud{Sur Iam6ningitoet lamy61itedans le malverti^bral, Paris, 1871), 
■' ' iflammatory phenomena are due to the cheesy suppuration of the 

vertebne, which, bv destroying the posterior ligament, causes the 

pus to come in contact witli the external surface of the dura mater. Inter- 
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stitial abaoeasBS and considerable thickenings (external paehj-meningitifi) 
may also develop in the same manner. In rare cases, the dura mater is 
detached or its inftltrated layers project towards the inner Eurface. TIjo 
nerve roots present the lesions of neuritis with granulo-fatty degenria- 
tioft. The spinal ganglia are bathed in pua and are in a condition of 
marked hypertrophy, with atrophy of the cells and advanced fatty degen- 
eration (E. Wagner). Finally, the cord itself, in caries of the vertebnc, 
ia attacked by the inflammatory process. 

That simple compression of the cord, without spinal lesions, may pro- 
duce paralysis, is proven by the prompt recovery of certain sudden para- 
plegias, after straightening the vertebral column (observation by Brown- 
S^uard). E. Rollett also reports a case, in which dislocation of the axis 
posteriorly had produced paralysis of all the limbs, and in which reduction 
of the vertebral column forwards was followed by its gradual disappeai^ 
auce. On the other hand, we know that considerable incurvations of the 
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vertebral column may exist without lesion of the cord. In Berend's ( 
(extreme scoliosis from caries of the vertebrte, without paralytic symptoms), 
Virchow found simple atrophy of the cord. 

But, in moat cases, the compression soon produces inflammatory changea 
in the parenchyma of the cord. In a case cited by Michaud (1. a., Obs. I.), 
a child had been affected with spinal curvature, for a short time, "withotit 
real paralysis. The cord, which appeared to be normal, presented, under 
the microscope, a fibrillary network, containing nuclei, scattered be- j 
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tween the norve fibres; these lesions were diffused throughout the cord. 
By the final development of myehtio changes, foci of softening develop 
around the compressed portions and serve as points of departure for the 
secondary degeneration (Tuerck, Charcot, Bouchard, etc.), which has been 
■tready referred to under the general characteristics of spinal diseases, 
&nd which develops upwards in the postei'o-iaternal columns, and, down- 
wards, in the postero-lateral columns. 

The sclerosis is sometimes more pronounced upon one side than the 
other. When the pressure is exercised at the level of the upper dorsal 
vertehne, the eclerosis sometimes, though rarely, extends to the cer\'ical 
region and produces diplegia brachialis, as we have explained above; or 
Mscendiug lateral sclerosis may develop above the lesion, without posterior 
Regeneration (Michaud); or the sclerosis may also extend outwards to tlm 
posterior root fibres which are adjacent to the posterior horns, Aceordinn 
to Charcot and Pierret, the degeneration of the latter fibres produces dis- 
orders of co-ordination. The gray columns, enclosed within these degen- 
erations of the cord, do not remain intact, and the gray horns undergo 
serious changes (deformity and partial atrophy, Michaud). 

From an etiological point of view, we may state that large cities, both 
in private and hospital practice, present numerous cases of inflammatory 
affections and deformities of the vertebral column, combined with general 
scrofulosis, tuberculosis, and rachitis. Spinal curvature and its sequences 
are frequently observed in Vienna, especially among the working classes. 
Among the better classes, children predisposed to scrofula are the ob- 
jects of more care and attention, and vertebral diseases, whether sponta- 
neous or traumatic, are better observed and more readily treated. On 
the other hand, the poorer classes are unable to give their sickly, scrofu- 
lous children the necessary oare and attention. The children have barely 
Sassed the twelfth year, when they are apprenticed, often without any 
iscrction on the part of the parents or guardians, and labor is demanded 
of them disproportionate to their incomplete physical development. The 
germs of scrofula of the bones readily develop in those trades in which the 
children are compelled to assume a sitting or bent position, and to carry 
heavy loads. Under the inlluence of unfavorable conditions, the osscus 
inflammation, which was at first latent, increases more and more, and the 
vertebral column, which is of very delicate structure, finally becomes 
curved. 

The symptoms of vertebra! caries vary according to the height of the 
primary disease and according to the disorders to which it gives rise. 'I'lm 
clearest and simplest manner of understanding these symptoms is to dis- 
cuss separately the diseases of the upper, middle, and lower segments of 
the vertebral column. The differentiation and more careful study of these 
varieties possess no less importance for diagnosis than for prognosis and 
treatment. 

Caries of the Cervical Vertebrm. — This form, which is the most danger- 
ous to life, is manifested, at first, by occipital and cervical neuralgias, 
which are generally regarded as rheumatic. Movements of the head are 
retarded, and the pains increase on pressure or movement of the upper 
cervical vertebne. These symptoms are followed by complete stiffness of 
the neck, and sometimes by torticollis. When the head is straightened 
and, in all changes of position, the patient supports the occiput with tlui 
hand (Rust, Abhandlungen, I, Bd., p. 176 et se<j). According to Loyduii 
(Klin. d. Rueckenmarkskr,, Bd I., p. 249), we must regard the affection as 
confined to the articulatia n of the odontoid process with the alias, when 
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rotatory moTements of the head are obatructed and tue power of flexion u 
preserved. 

At a more advanced stage the head inclines laterally, deglutition and 
respiration are embarrassed, speech is abolished, and partial Hpasins and 
subsultus occur, with paralysis, chiefly affecting the upper limbs. Some- 
times, towards the end of the disease, the rotatory movements of the head 
are accompanied by creaking, which is appreciable to the hand and ear. 
The patient Buocumba gradually to marasmus or dies suddenly from frac- 
ture of the odontoid process, from hemorrhage from the ulcerated verte- 
bral arteries, or from the extravasation of pus into the thoracic cavity. 
Purulent collections, originating in the cervical vertebrse, sometimes travel 
along the lateral portion of the neck, and are directed upwards toivarda 
the clavicle and more rarely towards the axilla. The pus more frequently 
reaches the posterior wall of the phariiyx, and gives rise to a retro-phajyn- 
geal abscess, attended with dysphagia, embarrassment of speech, and 
dyspncea. An exploration of the cervical region will then reveal tha 
presence of a purulent ooliection. 

In two of my cases (Prakt. Heilk., 50, 1806), caries of the odontoid 
process of the axis occurred. Inflammation of the second cervical verte- 
brte, followed by caries of the odontoid process, is a very rare event. The 
symptomatology offers in these cases, upon careful examination, several 
data for diagnosis. 

Of tha two cases belonging to tbis oategoi?. the first was characterized bj oariss of 
the odontoid prooeas ol the axi?, destruction o( its ligaments, and projection of the 
axis into tbe spinal caual. the uord being compruased and softened. In the second 
oa«e, the autopit; revealed caries of the odontoid prooesH aud of the lumbar vertebra:, a 
very large absaeBS in the left ilia^i losaa and another smaller one behind Pouport'e liga- 

In these two oases the disease began with formication and neiirolgio pains in the 
neck and occiput, the head being Mirned to one side, and the [lains increoeing in sevec- 
It; when the attempt was made to oorcect this vicioua position. In one of these psr 
tiqnts deglutition was embarrassed, the voice iiaHal, the pupils stronglf contracted, and 
tlie iris immovable. In both cases the formication and amesthesia were soon followed 
by motor paralysis in the limbs. In the first oaee, the tingling was the precursor of 
the paralysis, and symptotns of motor irritution had also occurred. Temporary dimi- 
nutions of the compresaion gave rise to vatiatioiiH in the paralysis. Signs of paralysis 
of the diaphragm ocouried in both, with hurried, interrupted, and inoompiete costal 
reapiiatiao , with dyspncBB and asthma, but without contractions of the diaphraifm. 
Uonsiderable aoceleiation of the pulse and retention of urine occurred in the beginning-. 
Disorders of conscionsneea ivere absent in both coses. Finally, miillipio tuberculiza- 
tion or other carious processes were preseuL In Leyden's observatiOQ (1. c, p, Sal^ 
25tS), the compression of the cord was at first more marked on one aide, and the reflel 
movements were propagated from one side to the other (by the aotioa of the medulla 
oblongata, according to FHueger'a lawj. 

In caries of the cervical column, compression of the nerve roots, which 
constitute the brachial plexus, may occur during their passnge through 
the dura mater or intervertebral foramina; neuritis of the brachial plesas 
is thus produced, and may terminate, like progressive muscular atrophy, 
in marked atrophy of the muscles of the arm, with abolition of electrical 
excitability. 

In a case which I published soma years ago (Oestr, prakt. Heilk., 48, 18li6), a man, 
twenty-eight years old, was seise^ after a blow upon the bead, with cutting pains 
ill the arm and shoulder of the right side. At the end of a year and a half, paralysis of 
Ihe urm occurred, with doviation of tbe head and flattening and lowering of the ahonl- 
der. The ur^ and tiireonu were flaccid, immobile, and markedly atrophied, and the 
iht^uar and hypothenar emiueuces were ei^uoily atrophied, with abolition of tha alw 
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trical ooctmctility of tbe mnsclea. The right lag aho becama wenkor, and deeliiti- 
bion was emb&rrasBed. An anterior nurvature of tbe cervical column could be diatinctlj 
keen and felt upon tbe posterior wall of the phftrynx. The posterior oervical legion 
preBen ted a marlced concavity, and was pamful on preaBoro. 

In caries o£ the lower cervical vertebrae we often observe mydriasis, 
and, more rarely, myosia. In the cases of caries and tuberculosis of the 
first vertebras, published by Leudet, Eulenburg, and Schuchard, unilateral 
pupillary dilatation was observed. The same phenomenon was also noticed 
m two of my patients {I, c), one of whom suffered from caries with dis- 
placement inwards of the fifth cervical vertebras, and the other from can- 
cerous degeneration of the bodies of tbe vertebrte, from the last cervical 
to the tbird dorsal. In these latter cases the application of a small square 
of Alien's Calabar gelatine to the conjunctiva, or the introduction of 
Calabar glycerine, produced contraction of the pupiis, which were reduced 
to tbe size of a pin's head. But this action was only temporary, as we 
also observe in other spinal paralyses, 

Gariea of the Dorsal Spme. — -Caries of the dorsal vertebrtB is the most 
frequent form of the disease, both in children and adults. In the latent 
and less severe forms, the cervico -brachial or intercostal neuralgias which 
are present, may at first put us on the wrong scent with regard to the 
real situation of the disease. We then find the dorsal vertebrre sensitive 
to pressure and electrical exploration. The functional disorders also be- 
come more and more marked. The gait is stiff and uncertain, fatigue is 
soon experienced, and the pains increase in severity in any occupation 
which necessitates flexion of the trunk. Deviation of the dorsal column 
also soon occurs, and we are better able to observe the curvature and sub- 
luxation (angular projection of Bampfield) caused by absorption of the 
bony tissue and the intervertebral cartilages. 

As the spinal lesion develops, the inflammatory irritation or compres- 
sion will act upon the sensory roots and upon the prolongations which 
they send into the gray horns. This produces pain and reflex movements; 
but if tbe irritation predominates in the anterior roots and their prolonga- 
tions into the substance of the cord, intermittent or continuous spasms 
will result. The pains and spasms usually precede the abolition of motion 
and sensation. It sometimes occurs that, in the midst of extended paral- 
yses, certain circumscribed parts retain their sensibility, especially when 
the lesion of the cord leaves a part of the nerve roots and their prolon- 
gations into the gray substance, intact. According to the severity of the 
medtillary lesions and to the intensity of the compression, and according 
as the latter is caused by degeneration of the vertebrm, by an exudation 
or by a ncw-growtli, the tonic spasms will result in movements of exten- 
mm or flexion. Moderate compression results especially in contracture 
of the flexors of the thigh and leg, while a more severe compression, acting 
upon a larger segment of the cord, will chiefly produce tonic contraction 
in tbe extensors of the forearm and hand, of the leg and foot. Schiff haa 
seen flexion of the limbs followed by extension develop in hia experiments 
upon animals, by producing, at first, weak, and then stronger and stronger 
irritittiou of the spinal cord. These results agree with my own observa- 
tions upon vertebral caries (]. c. No. 51). When the caries involves the 
eervi co-dorsal region of the vertebral column, the cervical enlargement is 
affected, as we can determine from the neuritis and paralyses of the aruis, 
the pupillary disturbances, etc. If the lesion is situated lower, the c)ii>'l 
symptom is funiislied by the paraplegia from, oompression, together with 
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all the aigoa which we have previously described. Partial disorders ol 
•ensation Bometimes oucur in these cases. The following obsoiTatioii; 
with the microscopical examinatiou, furnishes an instructive example, 

A pensant womftn, forty-four yearn old, entered Dt. Solioli'» serrioa. For twc 
jtan paBt she had suSered ttom weakness of the legs, with intermittent paina io tbg 
legs Bud book. ExamimttlaD shaved angular curvature of the vertebral colunm &om 
the uxth to the ninth dorsal vertebrse. There is coDBiderahie weakness of voluntuy 
motion in the lower iimbs, and the patient oaa on!; walk a few pxoes and with great 
effort. The eleotro-muBoular contractilLty ia normal, the eleotro-musuulor and electro- 
outaneona senribilitjr ia sball^hed. Thexe foots induced me to eianiine sensation more 
oarefully. I then found that tactile sensibility is everywhere preserved, but the sen- 
sibility to pain (iiricking, pinching', electric brush) and to temperature (a piece of ioe 
gives a sensation of cootact or weight) is abolished over a laige surface. Thi« anal- 
gesia occupies the anterior surface of both lower limbs, extends upwards to the lif th rib, 
and pasfiea backwards over the thighs as far as the third lumbar vertebrm. Sensibility 
is preserved in the lower portion at the gluteal region, in the annn, perineum, mons 
veneris, and labia majora, but at the end of about a month these regions became 
equally analgesic AC a later period, the insensibility exteuiled from above downwards 
to the posterior surface of the thighs, but the npper limit of the insensibility in the 
thoracic region remoiced the same. The upper limbs were not affected, either ss 
regards motion or sensation. At the end of three months the patient nas unable to 
leave her bed ; periodiool spasms in the paralyzed lower timbs and paralysis of the 
sphincters occurred. The patient died in the fourth montb. 

At the autopsy, a serons infiltiratioo was foimd in the brain, and the cord was com- 
pressed and softened between the sixth and eighth pairs of dorsal nerves. MicroBcopi- 
oal examination of sections of the cord showed that the nerve cells of the gray sub- 
alAnce were opaqne, shining, opaline, deprived of their prolongations, and sclerosed. 
Heynertmade a very careful examination, and found that the trabecule of the reticn- 
Inm, in the medullary tissue surrounding the gray substance, and especially aiomid the 
posterior horns, and in the anterior portion of the posterior column, were thickened 
and transformed into large granular fibroid bands. Around many of the axis uylindeni 
the section of the eord appears swollen, and of a dull, grayish-pearl color, and the 
axis cylinders have disappeared in many places. Tbe appearances, therefore, were 
those of a foyer of myelitis, above and below which, from the cervical cord to the 
oonuB medullaris. the gray horns contained a large number of sdeioeed nerve cells, 
especially below the foyer in the dorsal region. Some of tbe nerve cells, in this sitD- 
ation, were distinctly opalescent, with dark borders, ooniaining large nuclei, and in 
Trhich Che sclerosis had been preceded by fatty or pigmeutory degeneration. In the 
cervical enlargement, tbe posterior horn contained numerous masses of small opaque 
nuclei, whiob are undoubtedly derived in part from fissioQ of the fuaifonu elements 
of the gelatinous aabstanoe. Diffuse swelling of the retiuulum, with large granular 
Bbtoid bands, was observed along the whole length of the eord. 

Caries of the Loioer Dorsal and Upper Inimhar Yerlebrce. — This form 
ia of leas frequent occurrence and more difficult to recognize. Pain on. pres- 
sure over the vertebn? is a deceptive aymptom, as Behrend had sLowd 
several years ago. The curvature of the spine is very slight, and appeara 
very late, even in severe affections of the lumbar column. The large sur- 
faces by which the lumbar vertebrje are in contact, and the slight flexibil- 
ity of this segment of the spine, cause ulcerations and curvatures of this 
region to run a slow course. Percussion of the diseased vertebrie, and ex- 
ploration with a sponge, according to Copland's method, furnish few im- 
portant diagnostic signs, even in old cases. 

Several years ago, Behrend called attention, from a diagnostic point of 
view, to the stiff, peculiar position, to the tottering, uncertain gait of these 
patients, and to the apparent shortening of the corresponding lower limb, 
with preservation of the rotatory movements of the thigh, Behrend has 
also noticed that pain ia produced by flexion of the trunic and, even more, 
by concussion. At a later period, Adama (Lancet, May 13th, 1865) laid 
upon three principal symptoms, which may furnish important dat« 
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for early diagnosis of caries of the lumbar vertebrie, and which depend 
upon tlie relations of the psoas muscle to the lower segment of the verte- 
bral column. These symptoms are as follows: 1. When the patient passei 
from the horizontal to a sitting' or erect position, he does so with great 
caution, helping himself with his arms and bands; 2, when he wishes to 
pass from the abdominal to dorsal deoubitus, or vic^-vcrsa, the patient en- 
deavors to effect the rotation of the pelvis very carefully by crossing the 
thighs and supporting himself upon the elbows; 3, in walkmg up a flight 
of stairs, the patient tries to place both legs very quickly upon each step, 
in order to avoid as much as possible, any sudden movement of the pelvis. 
Shortly afterwards, I publialied a series of observations which have 
aided in clearing up the symptoms of vertebral diseases and the nervous 
disorders consequent thereon (Wien. med, Presse, 43-45, 1805, and Zeit- 
Bchr. f. prakt. Heilk., 40-51, 1866). These observations prove that tho 
electrical current constitiites a good means of exploration, when tbe sit- 
uation of the lesion is doubtful, in order to determine the secondary irri- 
tation in the ramifications of the sensory roots. If the electrodes of a 
galvanic battery are placed in close proximity to one another over the 
transverse processes of tho vertebne, no especial sensitiveness will be noted 
in the healthy portions, but, over the situation of the vertebral lesion, the 
burning or prioKing caused by the negative pole becomes so much the more 
insupportable, the nearer the electrode is placed to the real seat of the dis- 
ease. The sensibility soraetimeapassesbeyoridtheribsand radiates forwards 
into tbe thoracic region, while a current of the same intensity is feebly 
felt upon the corresponding portion of the opposite side, and in the upper 
and lower portions of the same side. We may also mention other charac- 
teristic symptoms of the latent forms of caries of the lumbar vertebrre. 
From the beginning of the disease, a prolonged sitting position causes 
pain, thougb tbe gait is still normal. Spasms and neuralgic pains appear 
upon the anterior and posterior parts of the lower limbs, as a peripheral 
expression of the spinal irritation. The weakness of the legs then pro' 
gresses, the patient soon becomes tired, and tho rachialgia increases. Tho 
patient assumes an oblique, lateral, and markedly stiff position. The lower 
part of the vertebral column begins to be immovable, and even passive ro- 
tatory movements of the pelvis are painful. From the aggregate of tliese 
pathognomonic signs, we are justified in diagnosing an affection of the 
lower part of the vertebral column, consisting of a latent chronic inflam- 
mation of the vertebra and often terminating in caries. 

The abscesses of the lower segment of the vertebral column descend 
along the psoas muscle and Poupart's ligament into the thigh, and, in rare 
cases, they open into a loop of the intestines, into the bladder or vagina. 
Abscesses originating in the dorsal region, unless they discharge upon tbe 
back, open into the thoracic or abdominal cavity, into the trachea or 
oesophagus (observation of Lamb!, with expectoration of debris of carious 
bone, and subcutaneous emphysema of the dorsal region); they are rarely 
converted into psoas abscesses. 

The pains in tbe crural or sciatic nerves, which develop in caries of the 
lower segment of the vertebral column, are often combined with painful 
tenesmus of the rectum and bladder, and with a sensation of weight in 
I abdomen or perineum. The paraplegia then becomes more and more 
nplete; the diminution of sensibility is slower and less complete; reHr- 
actions disappear quickly, especially when the lesion is situated in t 
lower portions. The deplorable complication of paralysis of the sphiii 
ters is almost altvays superadded in cases of this kind. 
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The early diagnoais of vertebral caries sometimes meets with great 
diCGculties. 

The violent dorsal pains, the curvature of the vertebral column, the 
paralyses from coinpressioD and contractures, also belon? to various other 
^Sections. Intense rachialgia and extreme sensibility m movements of 
the spinal column are present In neuroses of the vertebral articnlations. 
(Esmarch). But, in addition to this symptom of spinal irritation, cutane- 
ous kypenesthesia and ejccessive tenderness of the vertebne to slight pres- 
sure also oecur, while stronger pressure is unnoticed when the attentloa 
of the patient is drawn away. Menstrual disorders frequently coexist, 
together with aggravation of the symptoms from moral causes; the exis- 
tence of other signs of hysteria clears up the real nature of the rachial- 
gia. In the rh&tmatic pains, which frequently develop under the influ- 
ence of cold, in people who work in the open air during inclement weather, 
we observe tenderness of the vertebral column upon pressure, a deviation 
towards the affected side, marked sensitiveness to pressure in the lumbar 
muscles and in the longitudinal muscles of the back or neck. Electrical 
explorations in these cases do not give as significant results as in vertebral 

In cancer of the vcrtehrcf, deflection of the apinal column and para- 
plegia also occur, and sometimes, as we shall prove by several examples, 
we cannot distinguish it from vertebral caries. Nevertheless, in some 
instances, the paraplegia dolorosa, the arterial thromboses, the evident 
cachexia, the degeneration of the glands, and the advanced age of the pa- 
tients will enable us to make a ditferential diagnosis. The paraplegias 
from compression and the contractures caused by tumors of the meninges 
are distinguished from veitebrai caries by the absence of deflection, by 
the rapid development of the symptoms, and by the prompt abolition of 
the electrical reactions, and often also of reflex excitability. Aneurisms 
and hydatid tumors, leading to atrophy of the vertebra from compression, 
are rarely recognized during life. 

Finally, the diagnosis of vertebral caries may be cleared up, not alone 
by the abnormal curvature, but also by the youthful age of the patient, 
by the existence of cold abscesses, and of scrofula or luberculosis. The 
theory of syphilitic caries is not adniiss'Me, unless we have determined 
the existence of a previous infection and nave obtained positive results 
from specific treatment. 

Caries of the vertebra) must be regarded as one of the most serious 
diseases of youth and middle age. It is true that quite a large number of 
the patients may be improved and gradually cured. But the number of 
invalids remains very large, the duration of the disease Is long, kyphosis 
is very frequent, the favorable termination is, for a long time, uncertain, 
and the, often, diathetic nature of the disease and its complications involve 
sufficient danger to render the prognosis very grave. In general, caries 
which is due to the above-mentioned causes runs a more favorable course 
in the lower than in the upper portions of the vertebral column. 

Recovery from paraplegia and contractures in vertebral caries has 
been affirmed especially by Bouvier and Leudet {Soc. de Biol., T. IV., 1862- 
'63); it has been more recently confirmed and demonstrated histologically 
■ Charcot (loc. cit.)- Michaud has published in detail (loc. cit., Obs. 3) 
of a woman who had recovered for five years, from a paraplegia 
ith contracture, after treatment with repeated moxas, and who finally died 
' ria. The cord, at the point of compression, was reduced to the 
s of a goose-quill, and was very firm and of a gray color. 
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parenchyma was in a condition ot secondary degeneration, and the gray 
subatiiiice had been reduced to one of the anterior horns. Under the mi 
eroscope a considerable number of nerve tubes with their axis oyiinders 
were found in the midst of the sclerosed tissue. In my opinion there 
was no regeneration of nerve tubes or even of the myeline sheath in this 
case. The meningitio and myelitic processes had merely retrogressed and 
had left unaffected the con duct ibility in the intact portions of the white 
\nd gray substance, and this sufficed to maintain motion and sensation. 
In certain rare cases of spondylarthrocace, a spontaneous retrogression of 
the paralytic symptoms was observed. 

Therapeutics may sometimes aid in bringing about this favorable ter- 
mination. Cauterization with the hot iron appears to give good results 
in some cases. After repeated cauterization, the pains, paralyses, and 
contractures of the limbs may disappear. This treatment appears to pro- 
duce its best effects in patients who are otherwise in good health and 
whose muscles are well preserved. But a considerable number of cases 
withstand aU treatment. Mechanical and orthopedic treatment is of the 
greatest importance when begun at an early period. The patient is con- 
fined to bed for several months, in dorsal or abdominal decubitis, the lat- 
ter being more disagreeable. Then we must begin tlie methodical appli- 
cation of extension apparatus, such as Volkmann has recently invented, 
in order to relieve the vertebral articulations, and it is necessary to wear 
for a long time some apparatus for the fixation of the vertebral column. 

Among the internal measures, we may recommend mild ferruginous 
preparations, cod-liver oil, and small doses of iodide of potassium; among 
the balneotherapeutic measures may be mentioned iodine-waters, salt- 
baths, and sea-batha. In the first rank must be placed the invigorating 
air of the country and a generous diet. The galvanic current is less use- 
ful in paralyses from compression than in treating the accompanying 
symptoms of nervous irritation. On the other hand, the induced current 
is more useful for the purpose of invigorating the muscles which surround 
the vertebral column. 

B. — Fbactuses of the Yebtebba. 

Fractures of the vertebrffi, and the paralyses of motion and sensation 
dependent thereon, were known to the most ancient physicians of Greece 
and Rome; they are of frequent occurrence in large surgical aervicea and 
in hospitals. The large amount of material accumulated in medical liter 
ature nas placed our knowledge of thia diaease upon a' firm foundation. 
In the following remarks we shall pay especial attention to the effects o' 
fracture of the vertebne upon the cord. 

Leaving aside incomplete fractures and fissures of the vertebra?, we 
shall examine strictures of the spinal canal caused by the compression of 
the vertebrfB or the sitfiultaneons displacement of fragments of bone (with 
or without luxation), and by traumatic lesions of the cord. In violent 
strains auatained by the vertebral column (fall or bruise), the cord is com- 
pressed; in fractures, it is subjected to deep solutions of continuity. 
Fracture involves either the arches of the vertebne, as in lesions of the 
cervical portion, or ot the vertebral bodies, as in lesiona of the lower dorsal 
or lumbar vertebne. The fractured vertebral archea may cause a lesion 
of the cord by their lateral or anterior displacement; the vertebral bodies, 
when fractured obliquely or transversely, involve the cord by flexure 
and displacement of the fragments; in the latter varieties the meningea 
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miiy be torn by the Bplinters of bone. A tranmatic Demorrtiage of the 
Bupprficial venous plexuses very frequently occurs between the vertebrae 
and dura mater, or a hemorrhage from the deeper meshes of the pia mater 
penetrates into the parenchyma of the cord. We sometimes find, in ad- 
dition, flexion, flattening, and wounds of the cord, which may be com- 
pletely crushed. In less severe accidents small collections of blood appear 
between the fibres, or hicmorrhagic softening develops around the verte- 
bial fracture, and can be followed under the microscope for a certain dia- 
tiiiice above and below this point. In lesions of long duration myelitic 
processea develop with the ascendingand descending degenerations, which 
we have described in detail in the preceding chapters. In fractures 
wljich are complicated with a gunshot wound opening into the spinal 
canal, spinal or even cerebral meningitis, wounds, ruptures, and hemor- 
rhages of the cord may ensue. 

The symptoms of vertebral fractures present numerous variations, ac- 
cording to the situation and extent of the lesion. Among the initial 
symptoms we frequently find loss of consciousness (with or without 
vomiting) from cerebral concussion and shock, caused by acute anfemia of 
the nerve centres. These severe symptoms may be merely temporary, or 
tliey may increase to such an extent as to endanger life. Severe pains 
develop at the site of the fracture and radiate towards the limbs, at- 
tended by temporary muscular spasms. A palpable deformity may exist 
from the lesion of the vertebral arches or the spinous processes, and from 
displacement of the fragments, but it may also be absent when no dis- 
placement occurs or when the fragments have been pushed forwards. 

The functional disorders of spinal origin, in fractures of the upper 
cervical vertebrte, consist of pain and stiffness in the neck and difficulty 
in performing rotation of the head, except in the cases of sudden death 
from fracture of the posterior arch of the atlas, and of the odontoid pro- 
cess and rupture of their ligaments. A sudden movement has been known 
to cause a fatal shock to the cord. The phrenic nerves and brachial plexus 
may be affected in fractures of the lower cervical vertebne. Respiration 
is tlien involved, the paralysis predominates in the upper limbs, partial 
muscular spasms occur, sensibility is dulled, deglutition embarrassed, 
and the temperature is very high. We can often notice an abnormal 
arching or concavity of the neck, or a projection in the pharynx. In 
fractures of the dorsal and lumbar vertebrje, paralysis occurs in tlie lower 
limbs, with hypencsthesia limited to the same region and followed by 
descending anaesthesia, and, later, by paralysis of the sphincters. The 
lumbar vertebrae are much more rarely fractured on account of their size 
and firmness. When fracture in this region does occur we find, in addi- 
tion to the preceding symptoms, pains in the distribution of the sciatia 
or crural nerves, abolition of reflex and electrical excitability in the pa- 
ralyzed and atrophied muscles and in the nerve trunks. 

Fractures of the cervical and adjacent dorsal vertebrre may be accom- 
panied by temporary spermatorrhcea followed by persistent erections. I 
have recently observed, in the Vienna General Hospital, a very interest- 
'ng case of fracture of the lower cervical vertebne, with priapism continu- 
; seven days during life and thirty-six hours after death. 

A brewer, forty-three yenra old, feU into a cellar. May 37, 1875, while oanying 
a keg- of beer, and was carried In an unconecions coudition to a. police etation (he wu 
thought to be intoxicatedl, and, twenty-foiir hours alterwards, to the surgical servioa 
of Frot. Snlzer. The pntient was then fonnd in the following condition ; oonmoioaa- 
nesB had retamed, the fourth, fifth, and sixth cervical vertebroe were fnuitured and 
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B lower liraba and trunk were paralyBed and inaenBibla, There waB retention o( 

orino with constipation and priapism, the Utter njimptom lasting nntil Jntie 3d ; the 

ifttient died on Ihia daj, oonaciouanoaa beiug retained, with Eymptoms of aeuto piU- 

QOuary tcdema. 

The autapKj' was mode thirty-nix hours after death. Upon external examination 

n ecuhymosis, abonb tna centimetres long, was found aver the lower part of the 
ocoipital bona. The penis was erect and only relaxed after incision of the tcaica 
albnginca and corpora cavernosa, and after the venona hcemorrhage resultioj'' there- 
from. The meninges and brain were strooglj congealed ; the left Inng was cedema- 
tous and oongeBted : the npper and lower lobes were retracted, destitute of air, and 
contained scattered foci of pua. The vesical mucous membrnne was of a deep red 
color, aod an nicer was sitaated upon its posterior wall. The inter-vertebral cartilage 
between the foorth and fifth cervical vertebrsa was torn by the body of the fonrth 
Torlebra. and the adjoining one was torn by the body of the sixth. The arches of 
the ffntith and sixth cemcat vertebice were fractured in a transveme direction. The 
cord, in the upper half of the cervical enlaigement, was crashed and converted into a 
pnlp7 moss, streaked with blood. 

We must regard the priapism, which lasted a week during life, as dua 
to traumatic irritation of the centre of erection, situated in the cervical 
and adjacent portion of the dorsdl regions. But we are unable to deter- 
mine \rhetber it is to be attributed to increase of the afflux of blood 
from paralysis of the vaso-motor nerves, or, as Goltz has lately suggested 
(Pflueger's Arch., 9. Bd., 1S74}, to a functional irritation of the vaso- 
dilator nerves. The post-inortem priapism may be explained by paralysis 
of the vascular muscles, with venous distention of the corpora cavernosa 
BJid glaiis. 

"Hie diagnosis of vertebral fractures ia based upon the above-men- 
tioned symptoms, upon the traumatic origin of the disease, and upon the 
appearance of the deformity; if crepitation can be felt the diagnosis ia 
rendered positive. In the majority of cases the fracture is complicated 
with dislocation, and the entire problem consists in ascertaining to what 
extent the cord is involved. The absence of displacement greatly increases 
ilio difficulty of diagnosis, and the character of the affection can only 
be determined by examining the mobility of the vertebral column and 
the attendant phenomena. Independently of the direction of the lesion, 
the compression of the spinous processes, when exercised upon the posterior 
jtart, will especially cause disturbances of sensibility, and the projection f or^ 
ards, with compression of the anterior part, will cause motor disorders, 
hese data are of importance in deciding upon reduction or trephining. 

The prognosis of fractures of the vertebrte should always be very 
g'uarded. Even when the spinal lesion appears to be slight, we must 
hear_ in mind that fractures of the vertebrre unite with difficulty, that 
the formation of callus is incomplete, and that final displacements, sup- 
puration and cariea are frequent, all of which circumstances influence the 
course of the disease. In fractures of the upper cervical vertebras the 
compression of the medulla oblongata or phrenic nerves may produce pa- 
ralysis of the respiratory centres, severe pulmonary hiemorrhages, and 
paralysis of the diaphragm. In wounds of the lower portion of the cord 
life is less threatened, but a fatal termination, after a long illness, is the 
rule. 

Recoveries are of exceptional occurrence. According to Gurlt (Handb, 
.. Lehre v. d. Knochenbruechen, II. Bd., 1864), fifty-four recoveries oo- 
urred in two hundred and seventy cases, but a large number were not 
permanent. Reduction of the fragments may be attempted by powerful 
extension and counter-extension. This measure is rarely successful, ex- 
cept, perhaps, in fractures of the lumbar vertebree, and we can never obtain 
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D of the Ic^sions already existing in the cord. The patient must 
then bo placed in & proper position andTsept immovable. The lesions oi 
the cord and their Bequeacce demand symptomatic treatment such as we 
have referred to above; especial attention maat be paid to the condition of 
the bladder. 

According to Ollivier, trepanation of the vertebne was practised for 
the first time by Cline in 18ii, but the patient died shortly afterwards. 
In a similar caae published by Tyrrel the patient partiaUy recovered 
motion and sensation after the operation, but died of pie uro -pneumonia in 
the second week. The first success fill result from trephining the vertebral 
column was obtained by Gordon (Lancet, Dec, 1865). The operation 
was performed in fifty minutes without noteworthy htemorrhage, and was 
followed, at the end of several days, by a return of sensibility and of the 
action of the sphincters. Eight weeks later the patient was able to drive 
out in a carriage in a sitting posture. Walking and standing could not 
be performed at that time, but the final result is unknown. Of twenty- 
one cases collected by Grurlt seventeen terminated in death; four patients 
survived, but their recovery was incomplete. 



C. — DisLOCATiorra oir thk Vkhtebb^. 

With the exception of the upper cervical vertebra;, the others, on ac- 
count of their structure and the strength of their ligamentous attach- 
ments, are more exposed to fracture than to dislocation. The latter are 
divided into traumatic dislocations, produced suddenly by external 
violence, and into spontaneous dislocations, gradually brought about by 
internal morbid changes. Traumatic luxations, caused by excessive strain, 
are usually complete and seriously compromise the cord, on account of their 
manner of origin. Spontaneous, alow, and incomplete luxations differ in 
these respects. The luxation may be unilateral or bilateral. The traumatia 
dislocations, especially in the lower segments of the vertebral column, are 
often complicated by coexisting fractures, but sometimes simple luxations 
are observed. 

According to Malgaigne (1. o.) and Blasius (Prager Vjschr,, 103, 104, 
Bd., 1869) the most frequent luxations, as well as incomplete subluxations, 
are those of the lower cervical vertebras. The causes consist of blows 
upon the head or neck, external violence, and energetic muscular contrac- 
tions during the performance of sudden rotatory movements. Martin's 
experiments (Zeitschr. d. Wien. Ges. d. Aerzte, 18-23, 1864) have thrown 
light upon the amount of force necessary to produce these results. Slight 
displacement of one vertebra upon another is only obtained after complete 
rupture of the ligaments and partial tearing of the intervertebral carti- 
lages, Maisonneuve and Bouvier have obtained analogous results. Lux- 
ations occur most frequently between the first and second cervical verte- 
brje, on account of the great mobility of this articulation. In consequence 
of the rupture of the ligaments which fix the odontoid process, the head 
falls forward, and the corresponding spinous process forms a marked pro- 
jection in the neck. Death soon occurs from compression of the medulla,- 
oblongata. In incomplete dislocation of one articular process, the result- 
ing paralysis of motion and sensation may disappear if reduction is promptly 
performed (observations by Schuh, Maissonneuve, etc.). Simple luxatioo 
"f the odontoid process, with projection of this appendage uirough the 
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transverse ligament of the atlas and fatal compression of the meflulla ob- 
longata, may result from a violent blow upon the head or neck. 

In luxation of the tpwor cervical vertebne we observe a lateral devia- 
tion of the spinous processea, soraetiracs also of the transverse processes, 
sinking in of the neck, and rotation of the head to the opposite side. In 
Dauce's case (Gaz. des H5pit., 91, 1867} double mydriasis occurred. In 
incomplete subluxations of the lower cervical vertebral, violent pains de- 
velop in the neck, according to Martin {1. c), and increase when an at- 
tempt is made to straighten the head. Projection and tension of the 
muscles of the neck occur, extending from the occiput to the dorsal 
region, and a corresponding depression develops upon the opposite side. 
In addition, temporary paralyses and subsultus develop in the eitremi- 

Trentment consists, above all, in the reduction of the dislocated verte- 
bwe, but this must be done very cautiously. In recent cases we not infre- 
quently obtain prompt and permanent results thereby. Various kinds of 
apparatus are employed to maintain the replaced vertebne in position. 
In a large number of cases we are unable to perform reduction, and in- 
tense inflammation, suppuration, and abscesses result. 



— Spondti-itis Deformans and othhb DEFORMniEa 

OF THE VeETEBR*. 



The osseous growths and anchyloses of the vertebne in old age did no* 
escape the attention of the older observers. Virchow (Geschichte der 
Arthrit. deform.. Arch., 1869) has found swellings and osseous proliferation 
upon the cartilages of the cervical and lumbar vertebne, with considerablo 
narrowing of the spinal canal, in fossil human bones exhumed in a convent. 
According to Rokitansky (Anat. Path.), atrophy and suppuration of the 
intervertebral cartilages, or bony spiculte uniting the articular surfaces, 
may lead to synostosis of the bodies of the vertebrje and of the lateral 
articulations. Ossification of the ligaments (Gurlt) and bony tumors oc- 
cupying the posterior arches or the intervertebral spaces may also cause 
anchylosis of the vertebne. 

These osteoid products in the spinal articulations may result from in- 
flammatory processes of an exceedingly alow course, and are especially 
met with in old age, in which ossifications and calcifications are also fre- 
quent in various other organs. These products only develop exceptionally 
in young people. According to the observations which are, at present, at 
our command, there is no reason for attributing spondylitis deformans to 
arthritis or to constitutional or diathetic affections. 

The principal phenomena in deforming vertebral inflammations of a 
chronic course {also called vertebral gout), consist of a difficulty in the 
movements and stiffness in the corresponding vertebral articulations, com- 
bined with peripheral pains. The loss of motion is most marked in the 
cervical column, Thiclteuings and nodosities are sometimes observed in 
certain parts of the neck, if the cervical vertebrffi are affected, or in the 
abdominal region when the lumbar vertebne are involved. At times well- 
marked creaking is observed in rotatory movements of the neck (Haygarth). 
The deformities of the vertebral column following spondylitis deformans 
may sometimes exercise compression upon the cord on aocountof kyphosis 
and narrowing of the spinal canal. 
15 
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Thus, Rottei lias recenU? pnblinliod (Aroh. f. klin. Hed., Xin, Bd., 1874) aoaMot 
artbritiii deformEuui mTolring Che artioulalian of the Btlaa with the axis and both el- 
'•ows, with alight deformity of the oetvicol spine, Clouio spasms occnrred dnring' liie, 
followed by right bemipareaia and stntfcering. The ootopty revealed degeneratioii wht 
fatty granulations, especially in the right post«riaT column of the cord, and less marked 
in tlie left. The cerebraJ oortex presented minnte hasmorrhagea , the oentral ganglir 

More profound and advanced leeions of the centres are rarely found in 
the chronio vertebral inflammations at present under discussion. We more > 
frequently observe irritation ot the spinal nerves from thickening and nar- 
rowing of the intervertebral foramina. The symptoms usually consist of 
cervico-brachial or cervioo-occipital neuralgias, combined with stiffness of 
the neck, and a sensation of heaviness or weakness in one of the limbs. 
We are not infrequently able to detect creaking during excursive move- 
ments of the head. In certain cases neuritis of the brachial nerves may 
develop and gradually lead to muscular atrophy. 

I have observed thickenings and nodosities of the vertebne, with pain 
on pressure and concomitant paresis, in the vertebral periostitis of young 
scrofulous subjects. In these cases the character of the vertebral affection 
is rendered evident by the flat thickenings and nodosities which adhere, 
for the most part, to the sides of the vertebne, by the coexistence of other 
periosteal injlammations, or by the traces of previous diathetic diseases of 
a similar nature. 

I have published (Zeitschr, f. prakt. Heilk., 48, 1866) a case of cervical 
periostitis which belongs to this category. A circumacribed, rug'ged os- 
seous tumefaction was found, extending on the outside for about two fin- 
gers' breadth, from the transverse process of tho second to that of the fifth 
cervical vertebra, and extending upwards as far as the mastoid process 
and occiput. The movements of the upper and lower limbs were performed 
with difficulty, but considerable improvement followed the employment of 
ood-liver oil, iodine preparations, and warm bathe. 

The treatment of spondylitis deformans must be directed towards pro- 
ducing absorption of the neoplasms, and relieving the consequent nervous 
irritation. For these purposes we employ preparations of iodine, iodated 
baths, mud baths, and the indifferent mineral waters. Moderate contin- 
uous currents mav be appHed to the irritated nerve trunks and to the 
brachial plexus. Faradization is useful in cases of muscular atrophy. 

In addition to spondylitis deformans, we may refer to certain rarer forma 
of vertebral deformities, which cause compression of the coid from narrow- 
ing of the spinal canal. In the first rank we may mention the vertebral hy- 
perplasiic, such as bony tumors of the occiput and of the atlas and axis, 
which produce narrowing of the upper portion of the spinal canal. The 
narrowing of the foramen magnum from hypertrophy of the basilar pro- 
cess of the occipital bone, or of the posterior arches of the first two cer- 
vical vertebrte, has been especially studied by Solbrig (AUg, Zeitschr. f. 
Psychiatr., 24. Bd., 1867). He has observed the development of atrophy 
of the medulla oblongata, and the appearance of epileptic attacks (in nine 
rases). 

The articulation of the occipital bone with the atlas may become an- 
chylosed in consequence of inflammation, caries, and tumors of the aqua- 
nous portion of the occipital bone (Friedlowsky) ; this anchylosis may also 
be congenital, Ollivier (I. c.) mentions a case of projection of the odon- 
toid process into the foramen magnum, and atrophy of the olivary bodies 
and pyramids {with a. sudden attack of paraplegia). Osteoid growths 
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froTii the odontoid process have bcRn observed by Froriep (in two casea, 
with fatal choreiform attacks), and very recently by Hera {Areh. f. klin. 
Med., Xin, Bd,, 1874). In the latter case the patient suffered from pa- 
rjilysis and oontraotureB in the limbs and in the iuuscIgb of tiie neck. The 
autopsy showed the existence of hypertrophy and displacenieut of the 
odontoid process, a focus of softening at the decussation of the p}Tauiid9, 
and secondary changes in the antero-lateral columns. 

Exostoses of the vertebral arches or bodies mayalao cause considerable 
narrowing of the spiiial canal. Thus, Eberth (Correap.-Bl, d. Schweiz. 
Aerate, 1872) has seen, in a. man ninety-three years old, who suffered from 
paralysis of all the nerves situated below the seventh dorsal vertebra, an 
osteoma growing from the seventh and ninth dorsal vertebrie, which had 
produced gray degeneration of the columns of Goll, from the floor of the 
fourth ventricle to the portion of the cord corresponding to the lesion. In 
a case cited by Brown-S^quard (Phys. Aoat. and Path, Researches, 1848) 
the patient suSered from pains in the loins and arms, with a sensation of 
stiffness and heaviness; the head wasturned to the right. A conical exosto- 
sis was found growing from the posterior part of the base of the odontoid 
process and compressing the cord. 

More circumscribed vertebral exostoses have been found in rachitis and 
Byphilia (Portal). But they are sometimes found in cases in which the 
existence of a diathesis cannot be demonstrated, and they are due, espe- 
cially in old age, to the general tendency towards processes of ossification 
which manifests itself at this period. In rare cases congenital osseous pro- 
liferations also occur within the articulations. 

The majority of the vertebral deformities which we have mentioned 
cannot be diagnosed, and are inaccessible to treatment. We may erajiloy 
the measures, which we have referred to above, in order to combat the irn- 
lation of the nerves and the symptoms of compression of the oord. 



K. AtBOFHT of the VeBTEBBJG from C0MP&BB8ION. 

(7m consequence of aneurisms and hydatid cysts). 

IJn^er the influence of long and progressive compression, the vertebna 
corrode, like other bones, their volume diminishes more and more, and tho 
vertebral canal is finally opened, usually at the point in which the arch 
joins the body of the vertebrte. An inflammatory reaction occurs at tlie 
same time, with production of osteophytes and thickening of the perios- 
teum, causing partial obliteration of the vertebral openings. Atrophy of 
the vertebrje is rarely produced by tumors of the mediastinum, but much 
more frequently by aneurisms and hydatid cysta. 



a. Oompression and Atrophy of the Vertebrm from Aortic Aneurtsmt. 

Aneurisms of the thoracic or abdominal aorta may cause atrophy, 
either of the dorsal or lumbar vertebra, especially upon the left side. 
The compact superficial layers and the spongy tissue of the vertebra 
gradually absorbed, depressions are formed, and fiaaures penetrati 
into the spinal canal. The intervertebral discs, which are only s ^ 
affected by the compressiin, project between the debris of the vertehne 
which still remain. The progressive destruction which in ' 
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may even extend to tlie waUs of the aortit, whose external coat forms ii\ 
hestonfl with the thickened and infiamed surrounding tissues. When tlie 
spinal cantti is opened it is usually found that a direct implication of the 
cord has been prevented by the interpoaition of pseudo-raeiabranous prod- 

The compression and atrophy of the vertebrse by aneuriamal aacs pro- 
duce symptoms of imtaCioD and compression of the cord, severe pains over 
the sacrum, a peculiar stiffness in walking, retarded motion of the vertebral 
column, neuralgic pains in the loins and thighs, and paratyais of both 
lower limbs. These symptoms may be mistaken for those of caries of the 
lower segment of the vertebral column. Sometimes, in consequence of 
rupture of the aneuriamal sac, a sudden hemorrhage may occur into the 
spinal canal, and terminate quickly in death. 

Cases of corrosion of the vertebne from the pressure of aneurisms have 
been published by Marsh a 11 'Hall, Froriep, and Ollivier. In an example 
mentioned by the latter author, an aneurism of the thoracic aorta bad 
opened into the spinal canal and left pleural sac, causing sudden paraple- 
gia, quickly foiiowed by death. I will here give the particulars of an in- 
teresting case which I observed in IStS, In Dr. Scholz's service, and in 
which the diagnosis of corrosion of the lumbar vertebne by an aneurism 
had been made several days before death. 

A mnn. Bltj years of age, states that he lias soSered for niDe months from paina in 
the left lumbar region &nd loins, radiating tawsrds the thigh. The lambor and scioiiu 
Derreii were eitreine!} sensitive to pressure and to the electrical current. Two weeks 
later the patient wan unable to mount the etairs. When he walked in his room be 
maintained a pecuUu position; the lumbar region was stiff and deflected. In the 
fifth week paralysis oocorred in the ejrteusorB of the lel't thig'h, the patient was onable 
to leave the bed. and presented an ansumio appearance. At the beginiting of the third 
mouth a rhj'thmical pulsation was noticed upon the left side, beginning, anteriorly, 
above the crest of the ilium and extending posteriorly to the loins. Auscultation, 
nlthoii^'i practised several times, gave negative results A dingnoaia had at first been 
mode of caries of tbe vertebrEe, but was then changed to that of onenriBm. The skin, 
in the region mentioned above, became distended and reddened ; three days later the 
patient suddenly died. At the autopsy a ruptured aneurism of the abdominal aorta 
was found, with very abundant hsmurrhage and corrosion of the apper lumbar ver- 



and Atrophy of the Vertebrm from 

The cyaticercus (in the cervical region, Rokltansky) and, more fre- 
quently, the echinococcus, are the only animal parasites that appear hi 
the spinal canal. The acephalocysts are situated between the vertebne 
and dura mater, rarely in the subarachnoid cavity. Hitherto the para- 
sites have not been seen in the cord itself. In Morgagni's case (De sed. 
et caus. morb., nova edit., Lutetiie, 1832) a tumor was found adherent to 
the bodies of the second and third lumbar vertebrse, with compression of 
the left kidney, diaphragm, and adjacent muscular tissues; the interverte- 
bral foramina were enlarged to the size of a thumb, and hydatid masses 
were found in the spinal canal, around the meninges, and compressing the 
lumbar nerves. Reydellet's patient (Diet, des sc. m6d., T. XXXIII., p. 
564) had had anaesthesia of the lower limbs, and then paraplegia and 
sharp pains in the right thigh. A fluctuating tumor was felt in the lum- 
bar region, an incision iato which gave exit to a considerable quantity ot 
hydatids, leaving the spinal canal exposed to the naked eye. The patient 
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died n, year later. The lipileptiform attacks observed by Esquirol (Bul- 
letin de la Facult6 de Meieoine de Paris, T. V,, p. 426) must be regarded aa 
a complication. In Foerrter's case (Haiidb. d. spec, patb, Anat., 2. Auti.) 
inflammation and suppuration had occurred around the cyst between the 
spinal meninges, and alsc between the dorsal muscles. In another case 
the vesicles of echinocociii spontaneoixslj opened externally and communi- 
cated, at the same time, witli the medullary canal. 

Davaine (Traitfi des entozoairea et des maladies vermineuses, Paris, 
1869) cites ten cases of echinococci of the spinal canal. To these may 
be added one by Foerster, another ona which I have published (Zeitachr. f, 
prakt. Heilk., 51, 1866), and finally a thirteenth case reported by Bartels (D. 
Arch. f. klin. Med., V. Bd., 1868). In only two cases (those of Esquirol 
and Bartels) were the echinococci situated beneath the spinal arachnoid. 
The acephaiocysts have been eBpecially observed in women between the 
ages of twenty-two and fifty-six years; my own case was that of a boy 
aged fifteen years. Al! the observations were characterized by symptoms 
of irritation and compreasion of the cord. 

The case which I observed is interesting on account of the anesthesia, 
which was confined to Voigt's lines, and also on account of the extremely 
rare results of the autopsy. An analogous observation was made by Cru- 
veilhier (Anat. pathol., Liv. XXXV., PI. 6). 

An apprentice, fifteen yeaia of age, began to Buffer, without known cause, trom paiiiB 
anil weaJuieBB in both lower limbH. At the end of three montihs he was nnable to leaTS 
the bed ; spasuiB of the flexors ocoarred. followed by tipasms of the extensors, of longer 
duration. At a later period this ctmditiDa of the extenaois disappeBred, leaving oulj 
BpOj^m of the flexora, of short duration, and subsultus tendinum, (he latter sftnptum 
being accompanied by formicatiun in the lower limba After theae symptoms of irrita- 
tion bad disappeared the lower limbs were left in a condition of oomplete paraljais. 
Upon examining' the patient I found complete an^BtheEia (to vigorous pinching, ice, 
and heat) throughont the whole extent of the lower liiubs, extending npwarda to a line 
passing through both raamtns and through the middle portion of the Bcupulte. About 
three fingers' breadth above the limita of tho anceathesia, the normal aensibility gradu- 
ally returned. Incontinence of urine and fffices, and bed-aorea afterwards developed, 
hnd the patient died with Bymptoma of pytemia. 

Antopay : Brain auEemio ; in the right pleura six hundred grammes of an opaque, 
sanioua fluid ; the right lung was compressed, pushed upwards, and adherent to a sao- 
culated distention of the ooatal pleura. This tumor, starting from the lateral portion 
of the bodies o( the third and fifth dorsal veitebne, appeared ia the pleural cavity as a 
prominence aa large aa a hen's egg. 

The cyatis fluctuating, filled with nnmeroua veBiolea of ecchinooooci, and bas com- 
presaed and oorrodedthe bodies of tie third and fifth dorsal vertebne, which are tough 
to the feel ; it has alao compressed and driven back the cord upon the right aide of the 
spinal canaL The latter, between the points at which the third and fifth dorsal pairs 
of nerves emerge from the dnra mater, is reduced to an exceedingly thin layer. 

F. — Oancbk of the Veetebkai, GoLtrittr. 

I Carcinoma is much more infrequent than caries of the vertebrre. Inde- 

■ pendently of the older works of Abercrombie, Cooper, etc., the character- 

I istics and relations of cancer of the vertebne have been studied by Cru- 

I veilhier (1. c), Hawkins (Med. Chir. Trans., 1841), Gull (Guy's Hosp. Rep., 

I 18iJ4}, Leyden_(Charit6-Annalen, 1863), Charcot (Bulletin de la Soc. des 

I Hflpit. de Paris, 1865), and Tripier (Du cancer de la colonne vertfibrale. 



The moat frequent form is the cancer of the bodies of the vertebrse, 
which are aometimes strewn with cancerous nodes as large as a bean or 
hazel-nut, sometimes infiltrated with the new-growth and softened 
throughout their whole extent. The arches of the vertebra, the trans- 
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verse ami spinous processes, and even the muscles of the back are aome- 
times affected by tlie carcinomatous proliferation. The Bptnal nerves are 
compressed by the narrowing of the intervertebral foramina. When the 
vertebral cancer extends to the periosteum and dura mater, the oord also 
becomes involved, and the antero-lateral and posterior columns are tbea 
found in the condition of secondary degeneration to which we have so 
often referred. The carcinosis may affect different portions of the verte- 
bral column, and usually involves several vertebne simultaneously. 

Vertebral cancer is rarely primary. The most frequent forms in this 
category are osteo-aarcomata and myxomata, which also involve other 
bones, and grow very rapidly, especially in young subjects. The fibrous 
and medullary caroinomata, which constitute the secondary varieties, 
follow cancer of the breast, stomach, liver, kidneys, uterus, and cesoph- 
agus. 

The symptomB of vertebral cancer are too obscure and undefined in the 
beginning to reveal to us the severity of the approaching symptoms. 
The initial phenomena are those of a beginning spondj'litis, but, before 
long, certain signs make their appearance which enable us to make a 
diagnosis. The following are the initial symptoms; vertebral pains, 
i almost always periodical (they may re- 
tscs); difficult!/ in the movements of the 
(especially when the process is situated in 
the upper parts) either the rotatory movements of the head, or the move- 
ments of flexion of the trunk ; finallv, the dorsal curvature, from softening 
and sinking in of the cancerous vertebne, though the kyphosis never reaches 
such an extreme degree as in caries. Sometimea we may recognize the 
presence of hard, flattened tumors upon the transverse and spinous pro- 
eesaea and even in the dorsal muscles. 

At a more advanced stage a more characteristic and frequent (though 
not constant) symptom appears, viz,, lancinating pains in the paralyzed 
limbs fparaplegia dolorosa ot Cruveilhier and Charcot), due to oomprea- 
fiioQ of the nerve trunks at their exit, and to lesions produced in the 
nerves by the softened aud flattened vertebra. These pains, according to 
the situation of the disease, are manifested in the nerves of the brachial 
and cervical plexuses, but more frequently in the nerves of the abdomen 
and lower limbs. They increase paroxysmally (with remissions which 
gradually become shorter and more incomplete). The paroxysms occur 
especially during the night, and after active or passive movements. 
They become a terrible torture to the unhappy patient, and large doses 
of narcotics often prove powerless to afford the least relief. Sometimes 
these excessive pains subside spontaneously. According to Gull (1. c.) 
the pain is localized upon the side of the vertebral column when the lesion 
occupies the dorsal region. In the intervals between the paroxysms, 
when the condition of the patient has not become too depressed, he may 
still be able to move the limbs in bed. 

Aa the disease progresses various accidents may develop, to which 
Charcot has especially called attention. These are: the appearance of 
zona in the territory of the affected nerves; cutaneous anwst/tesia in small 
spots (generally under the form of amesthesia dolorosa) ; atrophy and con- 
traclure of the muscles, and arterial thromboses (independent of cao/iecHe 
venous thromboses). In Charcot's four cases the arterial thromboses o<* 
curred once in the middle cerebral artery, twice in the brachial, and once 

the femoral artery. In the latter case the lower limbs presented paral- 
ysis of motion and sensation, cadaveric coldueas, and livid spots. 
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The cord is Tariously aEEected in tlie different forma of cancer of the 
vertebras. In moderate softeuing of the vcrtebrie the medullary pa,reii- 
I ohyma is on!_y slightly involved, and over a alight extent. But when the 
I Tertobral lesions are more intense, the aompression may cause softening 
and destruction of a considerable portion of the cord. I published a casu 
of this kind in 1864 {3d edition of my Treatise on Electrotherapeutics), 
and this observation demonstrated how small a number of nerve fibres will 
Bufnce to maintain a satisfactory amount of motor power, 

A man, tot. (orty-soTeti yeaca, stated that, for the past year, hU lega have becomti 
wealicr and weaker. On examination a proiniiieace was Found extendtog- from the lu^t 
I oeivioa] to tbe first dorsal vertebra. The lower llmba were paralysed aud there wan par- 
I tial anesthesia and abolition oF electro -muBcnlar oontractility ; reliex aiitioncan etill be 
produixd from the inner portion of the thighs. Tbe patient v/aa able to walk Rlowly 
when be waa sapported uniler the anna by an naiiatant. Upon the moraiag of thu 
third day oF his admifiaion I found bini completely parapltigic. There was complete 
antenthesia of the lower limbs, tbe buttocks and the back aa far aa the npper dotsal 
vertebne. and extending forwards to the sides of the abdomen. Electro -muse alar uon- 
traotUity, the galvanic eioitability oF the nervea and reflex movamant-i were oompletely 
abolished. Dpon tbe following day paralysis of tho sphincters occurred, with extpeiiie 
dilatation of the right pupil. The patient died at the commencement of the second 

At tbe autopHy the spinal column was fonnd slightly carved in the Form oF a capi- 
tal B, and, from the last cervical to the third dor^ vertebra, was replaced by a oau- 
^ oerons mass. 

The cord was compressed to such an extent that the meninges were in apposition 

^ «nd only enclosed a small quantity of soFtened medullary tiacue. The dura mater wiia 

thickened, and adherent to the arnohnoid ; the doiaal and lumbar portions of the cord 

I were indurated. On microscopical examinatioD, the degeneration was found to aSect 

tdiiefiy the posterior and laterai columns. 

The diagnosis of cancer of the vertebrje is frequently encompassed with 
great difficulties. Certain cancerous products may remain latent during 
me, and, as the preceding history shows, carcinomatous compression of 
the cord may develop without the production of severe pain. On the 
other hand, curvatures of the spine and lancinating paius also occur in 
caries of the vertebrse and in compression of the spinal nerves by aortic 
aneurisms or by hydatid cysts. The peculiar qualities of tbe pain, in can- 
cer of the vertebrm, consist in their extreme violence, their increasing in- 

. tensity, and their resistance to narcotics. A paraplegia which becomes 

' more and more marked, or a herai -paraplegia dolorosa (Charcot), followiiig 
& unilateral subsidence of the vertebrte, enables us to exclude caries of the 

' vertebrse and indicate the existence of carcinoma or of a tumor developing 
in the spinal canal. The final appearance of arterial or venous thromboses, 
cancerous infiltration of the thyroid gland, digestive tract, breasts, tostiules, 
abdominal viscera, lymphatic glands or bones, the increase of the cachexia, 
and, fiually, the much more frequent occurrsnoe of carcinoma at an ad- 
vanced age, enable us to diagnose cancer of the vertebrae in certain case» 

I in the living subject. 

It goes without saying that tha prognosis is absolutely unfavorable. 
The patient may survive for several months, a year or even more. They 
finally succumb to marasmus and dropsy, and, in lesions of the upper 

f cervical vertebras, to intercurrent cerebral symptoms. 

I The treatment consists in repeated injections of morphine, and in con- 

tinually increasing doses of opium, chloral, or chloroform; these remedies 
may alleviate the excessive pains for some time, but they become more 
and more ineffective, and the patient greets death as the ouly deliverei 
from torture. 
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IL— COMPRESSION-MYELITIS. FROM PERI-MENINGEAL, 

INTRA-MENINGEAL, AND INTRAMEDULLARY 

NEW-GROWTHS. 

a. Morbid I*eri- Meningeal IVocesses, 

Ah OUivierhad already observed (1. c, T. II., p. 272), and&s recent ob- 
Bsrvationa have more clearly shown, the loose cellular tissue situated be- 
tween the spinal cana! and the dura mater may be the seat of idiopathio 
inflammation, independently of the meninges. The resulting suppura- 
tions are either circumscribed or diffuse. They may constitute iimited 
foci, or more or less extended collections of pus, and may produce com- 
pression of the cord, usually on the posterior surface. 

The inflammations of the peri-men ingeal celli)lar tissue are most fre- 
quently caused by extra- vertebral suppurations wliich have penetrated the 
inter- vertebral foramina. These suppurations occur near the vertebral 
column a " ' ' > . ■ ■ . ,1 



s through the inter- vertebral fora 



a to the spin&l canal, 



as in I'raube a and Mannkopf's cases, or the point of departure of the pro- 
cess is either in the psoas muscle or between the cervical vertebra and 
the pharynx (Angina Ludovici of the Germans). In H. Mueller's case 
n. G.) the suppuration occurred in the sub-pleural connective tissue. 
Caries of the vertebrse is also a frequent cause of peri-meningeal puru- 
lent infiltrations, when the pus, instead of pressing outwards, forms, so to 
apeak, an internal congestive abscess In the spinal canal. We then find a 
circumscribed (usually round), purulent collection between the lamina of 
the dura mater, which may be followed by compression of the cord, with 
the symptoms to which we have previously referred. 

With regard to the symptoms and diagnostic signs, we refer to the 
previous remarks upon puge 1 83 et seq. 

The following new-growths are found in the peri-meningeal cellular 
tissue: lipomata (Virchow and Johnson), sarcomata, mixed enchondroma 
(Virchow), hydatid cysts, and nfany carcinomata, which break through thfl 
dura mater and compress the cord. 



b. Intror Meningeal Neoplasms. 

The inflammatory neoplasms of this class consist of internal paoty- 
meningitis (which terminates in rare cases in hematoma) and hyper- 
trophic cervical pachymeningitis (Charcot), The clinical signs of this 
latter form of inflammation of the spinal dura mater, and of the circular 

presaion which it exercises upon the spinal cord, have been discussed 
upon page 185. These meningeal tumors develop most frequently upon the 
inner surface of the dura mater, and more rarely upon the arachnoid and 
pia mater. If they are very small they exercise a unilateral compression 
upon the cord; when they increase m size the compression becomes 
greater, and secondary atrophy and softening occur. Apart from the 
f yeat importance of the situation of the tumors, their volume, consistence, 
and development exert considerable influence upon the symptomatic mani- 
feiitationa. Small tumors, as large as a pea or bean (cysts, fibromata, neu' 
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I, present r 



roniata of tlie cauda e 
But tumors aa large 
velop within the cavity of the arachi 
produce severe Icsiona tcnninating in death. 
Sarcoma and its derivatives (myxosar- 
coma, gliosarcoina, fibrosarcoma) are the most 
frequent among the tumors ot the spinal 
meninges. Melaiiosarcoma (accord in/r to 
Virchow and Sander) develops especially in 
the arachnoid and pia mater, under the fonn 
of malignant pseudoplasms. Carcinoma rare- 
ly develops m the spinal meninges. The 
psammoma, formed of small crystalline mass- 
es deposited in a white substance, the myx- 
oma, of a mucoid, gelatinous consistence, 
with a delicate areolar stroma, and the epi- 
thelioma, occur upon the arachnoid and pia 
mater, and sometimes also upon the nerve 

In unilateral lesions and compression of 
the cord by tumors, spinal hemiplegia some- 
times ocours (Brown Sequard) crwhen the 
symptoms are conhned to the lower limbs, 
hem i paraplegia, with alternate hernia nies 
thesia, may develop Charcot observed a 
case of this kind (Arch de phjaiol T II 
1869) in a woman fafty years of age who 
had complained for five weeks of wi.akness 
and pains in the left leg There was paral 
ysis of motion in this limb and in the ab 
dominal muscles of the same aide with con 
siderablo hypenpsthesia , motion was less 
affected in the right leg but sen'tation was 
abolished. At the autops> an ovoid tumor 
three and a half centimetres long and on 
and a half centimetres wide was found about 
five centimetres above the thickest j. jrtton 
of the lumbar enlargement and strongly ad 
herent to the inner surface of the dura mater 
(psammoma, angiolithio sarcoma of Comil 
and Ranvier). 



We may finally mention the hydatids of I 
the cavity of the spinal dura mater, of which 



two cases have been observed; the first, 
old one, by Esquirol; the second, more re- 
cent, by Bartels (Arch. t. klin. Med., V. Bd., 
1860). The latter case occurred in a man, 
set. twenty-five years, who suffered from the 
onset from pains in the right hand, and then 
in the arm, shoulder, and clavicular region, 
and from pains in the neck and a feeling of 
constriction in the chest. Tliree months 
later numbness of the left and then of the 
right leg developed, followed by anfestheaia 



appreciable symptoms during life, 
walnut, especially whea they de- 
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and psralyaJa of these limbs, bj^ paralyKia of the spbineters, ooDtraotion 
and unmobiJity of the left piijiil, and tinally by pains and weakness in 
the rig-ht arm, by bed-sores and pvisniia. At the autopsy an echinococcus 
vesicle was fouod at the lower half of the eervical enlargement, and the 
cord was compressed, flattened, and channelled with fissures upon its pos- 
terior surface. 

The symptoms of intra-meningeal tumors correspond to the signs 
which we have ascribed, in a preceding chapter, to paralyses from progrea- 
pive compression of the uord. At first the compression of the meninges 
and nerve roots causes intense lancinating', neuralgic pains, which radiate, 
according to the situation of the tumor, into the upper or lower half of 
the body, and are very frequently accompanied by vaso-motor irritation. 
The movements of the vertebral column soon become stiff, and circum- 
scribed motor and sensory paralyses make theu* appearance. The siens of 
progressive compression of the cord then become manifest, especiajly the 
following: increase of reflex excitability, contractures of the hmbs, spon- 
taneous convulsions, hypenesthesias, paralyses, rarely a spinal hemiplegia 
(in unilateral compression), generally paraplegia (often paraplegia dolo- 
rosa), and, finally, paralysis of the sphincters, cystitis, and bed-sores, which 
cariT off the patient. 

With regard to diagnosis, we must be especially careful in excluding 
vertebral affections (accompanied by deformity) and diseases of the 
meninges. A careful study of the symptoms, especially of the intense, 
radiating pains, the progressive increase of the paralysis, the muscular 
atrophy which rapidly increases under the influence of the softening of 
the cord, and the abolition of the electrical excitability of the muscles and 
nerve trunks, may, in certain cases, enable us to make a probable diag- 
uosia of intra-meningeal tumors. 

c. Intra- Medullary Tumors. 

Tumors of the cord may proceed from the meninges, or develop in the 
parenchyma of tbe cord. New-growths of the first variety act, with re- 
gard to their influence upon the cord, like tumors of the meninges. But 
the neoplasms which form in the substance of the cord present uumeroua 
dissimilarities in their symptomatic manifestations. 

In older observations, tumors of this category were ranged in the great 
class of sarcomata and carcinomata; but we cannot place much reliance 
upon these data with regard to the symptomatology. A very important 
observation was made by Hutin (Gottschalk's Samm!., II. Bd., 1838), who 
found a fibrous tumor, as large as a hazel-nut, in the centre of the lumbar 
region, in an old man who had suffered from paraplegia and pain. 

Foerater's case (1. c.) occurred in a boy, eighteenyearsof age, in whom a 
sarcoma was found in the centre of the markedly distended cord, and extend- 
ing almost throughout its whole length. Carcinomatous infiltration of the 
cord has been observed in a similar case. A patient of Brown-Sfiquard 
(Course of Lect,, 1860) suffered from stiffness in the neck, weakness of 
the right arm, and then of the leg, and finally died of meningitis. A can- 
cer as large as an olive, and developing from the meninges, was found in 
the lower half of the cervical portion of the cord. 

Among the intra- medullary tumors, whose history has been recently 
cleared up, we may mention the glioma (Virchow), which results from 
hyperplasia of the neuroglia, and oonsists of a finely reticulated basis sub- 
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, Btance, (lontaininff a, soft tissue formed of nuclai and round or stellate 
cells. If the meshes of the network of celk enlarge and the mucous tissue 
increases, the tumor will be transformed into a myxoma. The glioma of 
the cord, like that of the brain, develops chiefly from the white substance; 
it does not pass beyond the pia mater, but gives rise to frequent hsemor- 
rhages, on account of its great vascularity. It appears to grow less 
rapidiy than the allied variety known as glio-myxoma. 

In Sohuepi)er8 first oliserviitioQ (Arch. d. Hailk., VIII. Bd., 1867), the putiant (a 
toper, fltt; years of age) suffered, iu the begiiming. from ireakness in the right arm, 
and then from Btiffuesa in the neck and bank. Power of motion was gradually abol- 
ished in the a^ipec aud lower limbs. A glioma was found in tbe ri|;bt half at the lower 
cerrical regioa, with old hatiuoiThagea iu the adjacent paitn and in tbc medulla obloa- 
gata. and n more recent hecmorhage in the gray snbBtonee of tbe dorsal cord. In Che ' 
seoond case, tbe patient saSered. after a fall, from oonstricting pains, which radiated 
towards the abdomea. with heaviness and difficulty in the movements of tbe legs and 
peraiHtenC, but not painful, suteultus. After a safeconfiaement acd marked improve- 
ment of the paijalysea during the following four months, the woman suddenly sank 
into coUapae and died, a weelc later, in a condition of general paralysis. The autopsy 
revealed the presence of a glio-myioma In the gray column of the cord and eiteudiug 
from the medulla oblongata to the cauda equina; scoliosis existed without disease of 
the bonua 

Tubercles of the cord are rare, and are generally accompanied by 
tuberculosis of the lungs or brain. They are most frequently situated 
in the cervical and lumbar regions and either in tbe white or gray matter. 
They vary in size from a millet-seed to a hazel-nut. Tubercles of the 
oord are usually isolated, and are very rarely grouped in several places. 
According to Lebert's statistics {Trait^ d'anat. path., T. II.), they occur 
■with the greatest frequency from tbe ages of fifteen to twenty years {six 
times), and from twenty-five to forty years (four times) ; they are also pro- 
portionately frequent in childhood (two cases by Lebert). Tubercles of 
the cord, like other tumors, produce softening and iuflammation of the 
medullary parenchyma by compression. When they involve the meninges, 
tbey may give rise to a spinal meningitis, and the inflammation niay then 
extend into the cranial cavity. In tuberculous products limited to one 
side of the cord, unilateral paralyses (Eager) and paralysis of an arm 
(Laurence) may ocaur. Epileptiform attacks have been observed (Geii- 
drin) wlien the tubercle occupies the cervical region near the medulla 
oblongata. 

Gull's caae (Guy's Hoap. Hep,, 1858), of a tuberoulat tmoor in the lower portion of 
Uie cervical enlargement, ooourred in a child eight mouths old, and gave rise to stilT- 
neas of the neck, rotation of tbe head backwards, and paraplegia with spasinodio. con- 
traoliona. The two most recent observations upon tuboronloslH of the oord were 
made by Obvoatek (Med. Preaao. 8J-30, ibTJ). The Brst wus that of a man, let. thirty 
yoacs, who presented the symptoma of a myelitis of rapid course (seven weeks), at firat 
with hyperessthesia, and then with auiesthesia in the lower and paraplegic limbs. At 
the autopsy, a tubercle as large as a pea was found in the lower dorsal region, with 
myelitis in the adjacent portions and in the inferior cervical region. Tbe secom] pa- 
tient anffered in tjia bngiuning from a aensation of cold, numbness, and violent pains 
in the bonsa of the left arm, and, later, in both legs. Paralysis of all tbe limbs and of 
the muscles of the trnnk soon sujiervened. The mnsDles of the limbs were very much 
atrophieil ; the electro muscular contractility and galvanic escitability of tbe nerves 
were markedly dimiuisbed. Convulsions ooaurred in the legs, both spontaneously and 
upon contact with the ground. 

l Death occurred in the ninth month, after inoreaso of the paraplegia of mobion and 

■ Mnaiition. Autopsy : Tabercie of tbe inferior cervical region, as largo as a hazel-nut. 

I nontaining in its centre a cavity tbe size of a millet-seed with conseeutive uiyeliiis of 

H the adjacent parts and of the left anterior horn. 
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It is extremely difficult to diagnose intra-medullary neoplasms. The 
deflections of the vertebral column from unilateral muscular paralysis 
(Schueppel's second case) will readily lead us to diagnose caries with my- 
elitis from compression. The suddenly fatal haemorrhages in gliomata of 
the cord may be mistaken for simple spinal apoplexies. In differential 
diagnosis we must pay especial attention (according to Cruveilhier, Char- 
cot, Gull) to the absence of severe pains in intra-spinal lesions, as opposed 
to the intense pains occurring in chronic myelitis, from extra spinal com- 
pression. But there are exceptions to this rule, as shown by Chvostek's 
second case (quoted above), in which the patient complained of violent 
pains (with nocturnal exacerbations, as if the bones had been broken) in 
both legs and in the lumbar region. This patient had, furthermore, ar- 
rived at that advanced age at which carcinoma of the vertebrae is most 
frequently observed. Finallv, increased reflex excitability and sponta- 
neous convulsions (with or without pain) are also observed in tumors of 
the parenchyma of the cord. 

One of the best diagnostic signs in intra- medullary neoplasms is the 
muscular atrophy consecutive to a central myelitis of the anterior horns, 
with its continuous progress and peculiar electrical reactions. The diag- 
nosis of an intra ^medullary product of a tuberculous character can possess 
no solid foundation unless we are able to discover, in a young subject, 
other signs of pulmonary, intestinal, or meningeal, tuberculosis. 
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A CONSIDERA.TION of neoplasms of the cord and its membranes is natur- 
ally followed by a, discussion of the myelitic processes and byperpjasia 
■which follow syphilis, whether intra-meningeal, intra-medullary, or under 
the form of diffuse sclerosis. The researches made within recent times 
have considerably increased our knowledge, both of the semeiology and o( 
the pathological anatomy of specific aHectiona of the cord. 



Pathological Anatomy. 

Under the influence of constitutional syphilis, the Tertebrte, lite the 
bones of the skull, may be the seat, either in their periosteum or in their 
osseous tissue, of an inflammation which terminates in caries. These ulcer- 
ative leaiona aometimes extend to the membranes and parenchyma of the 
cord. Although a large proportion of the vertebral exostoses referred to 
in medical literature are not positively due to syphilis, but rather to spon- 
dylitis deformans, of which we have previously spoken, there are, never- 
theless, undeniable cases of syphilitic vertebra! caries and of compreasion 
of the cord from periostitis or exostosis. OUivier mentions cases of this 
kind (syphilitic caries of the cervical vertebrjB, with dislocation, paraplegia, 
and rapid death; or with ulceration of the spinal meninges and hiemor- 
rhage into the vertebral canall. The destruction of the anterior arch of 
the atlas or of the first cervical vertebne, with ulceration and perforation 
of the spinal column, may also involve the cord (Autenrieth, CoUes, Olli- 
Tier). Godelier, Piorry, etc., have seen periostitis or exostosis encroach- 
ing upon the lower part of the spinal canal {with symptoms of paraplegia). 
More recently, Virchow has observed syphilitic softeninff of the vertebrje 
with adhesion of the meninges; the cord was pale and firm. 

The following changes occur in the spinal meninges: induration, thick- 
ening and adhesion of the dura mater to the bodies of the vertebrie, and 
marked pigmentation and adhesions of the meninges to each other and to 
the cord. Syphilomata, which develop upon the spinal duia mater, may 
also compress the cord (as in a personal observation which I shall report 
at a later period). Finally, the nerves alone may be torn, thickened, and 
adherent to the dura mater (Delafield, cheesy tumor, as large as a pea, in 
the nerves of the cauda equina, with thickening of the in terfib Hilary con- 
nective tissue, cellular proliferation and fatty degeneration of the nerve 
fibres). 

Gummy tumors (Moxon, Charcot, and Gombault), abnormal coloration 
r partial sclerosis of the posterior and lateral columns, atrophy of the 
gray substance (Bruberger), partial atrophy with sclerosis of the cornua, 
and deformity of the nerve cells (Charcot), have been observed in the 
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spiiiil parenchyma. We may mention, in ooncluBion, that Petrow (Virch, 
Arcli,, 57. Bd., 1873) has twice seen degeneration of the sympathetic nerve 
in syphilis. The nerve cells presented pigmentary or colloid degeneration, 
with fatty degeneration of the epithelium. The interstitial tissue was in 
a condition of active proliferation, terminating in atrophy of the nerve 
fibres and cells. 

Etiology. 

The first medullary symptoms are usually manifested several years after 
the infection. In exceptional cases, they are combined, at a later period, 
with alterations of the cranial nerves. The largest number of these cases 
are observed in young and middle-aged subjects. No observations have 
been made, up to the present time, concerning the vascular system of the 
cord in syphilitic patients, analogous to the specific degenerations of the 
vessels seen in cerebral syphilis and to their mltuence upon the develop- 
ment of thromboses and fooi of softening. 

The inflammatory lesions of the meninges and nerve roots, and the 
gummy tumors and diffuse sclerosis of the white and gray substance, suffice 
to explain the more serious changes in the medullary centres. It is, there- 
fore, superfluous to admit functional disorders and paralyses of the spinal 
functions which are directly due to the diathesis. Judging from the 
initial symptoms, the vascular irritations may also serve as the Btarting- 
point of the morbid processes. 

Symptomatology, 

The myelitis due to syphilis, like simple myelitis, attacks the patient 
insidiously. Slight, vague pains, tingling in the limbs, temporary, local- 
ized sensations of heat or cold, pricking and formication, are usually the 
symptoms which attest the development of these latent irritations of the 

At a later period they are characterized by abnormal sensibility of the 
spine, fugitive muscular spasms, weakness of both legs or arms, and a 
feeling of lassitude. At a more advanced stage the paralysis of the 
lower limbs becomes more and more manifest, the different varieties of 
sensibility are unequally aiTected (either analgesia or anaesthesia), weak- 
ness of the sphincters occurs, very frequently with diminution of electro- 
inuscular sensibility and contractility, and, finally, all the well-known 
symptoms of myelitis. 

The cases of this kind published by Potain, MacDcwel, Wilks, and E. 
Wagner are allied to an observation which I published in 1865, and which 
may be regarded as the first published example of a syphiloma of the - 
spinal meninges, 

A working woman, nt. twenty-eight years, had suffered, since the beginning' of Jan., 
] Stlfl, from neuralgia in the legs, folloived by rapid paialrsiH of motion. I eiamined the 
patient in tbe antnmn ; she was aniBmia and paraplegic in the lower limbs, which wera 
cunEiderablj' emacinted, and preBented amesthesia, analgesia, and very marked diminn- 
tion of electro-iniiacular eontraotility (especially of the extecBora). Towards the alala 
of the year the patient died from cystitifl and bed-sorpa. At the antopgy, a ronndied 
gumma, nB large as a hazel-nut, and whoae free anrface presBed against the dura 
inater, was found in the centre of the left parietal bone. A second gumma, of the 
tiiickncaa of a finger and about three centimetres long, developed from the spinal dura 
roater and com pressed the cord npon the left aide, from the second to the fifth oervical 
vertebra. 
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nore recent case reported by Moxoti {Guy's Hosp. Rop., V., XVI., 
18"'l) tlie patient, ret. thirty years, had suffered, seven years previously, 
from chancre, bubo, and a cutaneous eruption. After a long period of 
e of the disease, he complained of numbness and weakness in the 
md abolition of sensibility to contact, pain and temperature in both 
limbs. Electro -muscular contractility was diminished and electro- 
muauular sensibility entirely lost; reflex action was preserved. Vesical 
paralysis, abscess of the left buttock, and fever developed toward the 
close of life. 

Autopsy: foyers of sclerosis in the cranial vault, as if from old nodes; 
nsidcrable pigmentation of the medulla oblongata and spinal cord; the 
cord was indurated in its upper fourth, and very much softened below. 
The sclerosed patches in the cord were composed, externally, of a fibrous 
layer, and, internally, of a mass of whitish yellow, gummy matter, and 
e found especially in the posterior and lateral cohimns. The testicles 
e inflamed, and also contained gummy nodules similar in character to 
the foregoing. 

Unilateral lesions of the cord, produced by syphilitic tumors, are es- 
pecially interesting from a clinical and diagnostic point of view. The 
first observation of this nature was made by Brown-Suq^uard (Leot. on Diag. 
and Treat, of Paral. of tbe Lower Extremities, London, 1861) in a man, 
yrho presented several patches of periostitis upon the head and face, and 
who suffered from paraplegia, with paralysis of the right and anesthesia 
of the left leg. This led to a diagnosis of a sypbUitic tumor compress- 
right naif of the oord. We shall now cite a much more important 
case, in which the investigations were made during life and post-mortem, 
e is one of disseminated syphilis of the brain and cord, which was 
published in detail by Charcot and Gombault (Arch, de physiol., March, 
1873). 

A woman, forty yeara of age, had contracted syphilja twenty years previonaly. A 
ing time afterworda she beg^n to experience twingea, nambuess, and aitiunlar pains 
Id ibn left leg, with grodaal weakneas of motion. Htill later, she suffered from head- 
ache at the Tertei, with dilatation of the left pnpil. Upon examination of the patient 
the symptoms found were : paralysis and hypenesthesia of the left leg, which was 
oonsiderably emaciated ; nnmBtheHia without paTalyaia in the right leg ; gpontaneons 
palna Over the third and fourth dorsal vertebno, radiating into the anKsthetic inter- 
CDsbil Hpacea (aiia^atbesia dolorosn) ; bclovt these points, upon the rl^ht side, there was 
analgesia without tontile onajsthesia ; the left aide waa hyperesthetic. Epileptiform 
attacks then made their appearance, followed by paralysia of tba left eitemai rectus 
■nd right facial parnlysis (with diminution of faradic, and increase of galvanio re- 
aotiouB), Tbe right optic papilla was cloudy and inflltnied with aernm. Towards the 
end, paralysia of tlio right motor oculi conunania and externa B occurred, with double 
optic neuritis, maraflmns, somnolence, fever, bed-Bores, and fatal palmonary oidema. 

Autopsy ; The skull and cranial menin^s were normal. The ieli optic tract and 
right pednnela contained gummy plaqnea (formed externally of branching cells and 
abnndantnndei and. in the centre, of granular cells) ;the optic nerves and corresponding 
otiular nerves were atrophied. Two patches of a reddish -gray color were situated upon 
the anterior surface of tbe pons, a small one npon the left and a larger ooe upon the 
tight side. Another jellowiflh patch wa.i found in the interior of the pons, at the level 
of the origin of the trigeminns. Other plaques were preaent in the floor of the fourth 
ventricle, in the anterior portion of the )n*i>nU columns of the isthmna, npon the left 
aidB, and in the neighborhood of the pOHteriortuboroulaqnadriKemina. A hard tumor, 
one centimetre in diameter, waa situated between the roots of tbe third pair of dorsal 
nerves upon the left aitie. The pia mater was thickened and tbe nerve roote were 
Klerosed st this point. Below thare was scleroais of tbe latsrel oolanina, and abova, 
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tclerotia of the posterior colamna. The left anterior and portfliior horns were oon 
tnaed >nd poorly defined ; a portion oF the Derre-cellB was replaced by a thiok reUculiited 
tissue ; a large number of the oelta of the anterior boms, howei-Rt, were intact. The 
commiBsure, a part ol the right atiterior ham and the two posterior colamns, were 
aolerosed. 

Tn a very recent case reported by Bniberger (Virch. Arch., 60 Bd., 
1874), paralysis occurred upon both halves of the body (with almost com- 
plete preservation of Bensibility), in addition to the apoplectiform symp- 
toms of cerebral syphilis. The autopsy revealed the presence of extensive 
basilar meningitis, thickening of the cerebral arteries, and normal condi- 
tion of all the other portions of the vancular aystem. The cervical men- 
inffes, which were matted to one another, formed a thick membrane which 
adnered firmly to the cord, and loosely to the inner wall of the spinal canal. 
The gray substance was in a condition of atrophy {no microscopical ex- 
amination) and the central oanal was dilated. 



Diagnosis and IVognosis. 

If we refer to the symptomatology which we have sketched of the dis- 
ease under consideration, it will be found that a very favorable grouping 
must be present, in order that the diagnosis of spinal syphilis may be 
made with certainty during life. 

In Charcot's and Gombault's patient, who suffered from inveterate 
syphilis, the crossed hemiparaplegia and hemianoestheaia indicated a le- 
sion uf the left half of the cord, while the coexistence of epileptiform at- 
tacks, of ocular paralyses, of alternate facia! paralysis (with abnormal 
electrical reactions), and of double optic neuritis, pointed to the existence 
of multiple foci in the medulla oblongata, pons varolii, cerebral peduncles, 
and in the optic tracts. The localization of specific lesions of the brain 
and cord depended, therefore, in this case, upon the grouping of the aymp- 

In the other cases the arrangement of the symptoms was not, by any 
means, so favorable, and the autopsy alone revealed the connection of the 
medullary symptoms with the syphilitic diathesis. In observations of this 
kind we can only make a positive diagnosis if we are able to determine 
the coexistence of syphilis and myelitis. When any vague symptoms of 
spinal disease are presented, especially in a young subject, we should care- 
fully examine into the antecedents with regard to syphilis. We must not 
be deceived by the denials of the patient, and must search with the lar- 
yngoscope and the ophthalmoscope, for traces of syphilis wherever they 
may be concealed. Whenever a diathetic affection of the medullary cen- 
tres has developed we will also find other vestiges of the constitutional 
infection. In the case which I observed a careful examination would 
have discovered the charaoteristio cicatrices in the vagina, and would have 
permitted a diagnosis during life. 

Th^ prognosis oi syphilitic myelitis should be very guarded. When 
the economy has been infected for several years, the appearance of signifi- 
cant disorders on the part of the cord must be regarded as a serious 
event. Although in these cases, as in cerebral syphilis, we can not deny 
that therapeutic intervention may prove successful in benign forma, on 
the other hand, the examples referred to above serve to show that neither 
youth nor the appearances of good health enable us to affirm that the se- 
quences of the diathesis will ever be removed from the spinal system. In 
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one case of inveterate syphilis, with ataxic symptoms^ I obtained improve- 
ment by repeated medicinal and hydrotherapeutic measures; but the ame- 
lioration was not of long duration, the spinal lesion again assumed the 
upper hand and the symptoms grew gradually worse. 



IhecUmerU. 

In all spinal affections in which there is a suspicion of syphilis, and es- 
pecially when the patients present, in addition to the medullary symptoms, 
other signs of the diathesis, we must immediatelv institute a methodical 
specific treatment, regulated by the general condition of the patient. In 
young subjects we should prescribe a trip to the country and long-contin- 
ued hydrotherapeutic measures (wet and then dry packs, continued until 
moderate perspiration is produced, and followed by gradually cooled half- 
baths). In neuralgias and conditions of weakness we often derive bene- 
fit from the cautious combination of hydro-therapeutics andgalvano-thera- 
peutics. 
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DISEASES LIMITED TO CERTAIN REGIONS OF THE 
CORD. 

AiTEB ha.'ving cooaidered the general ioflammatory processes whioh 
nay extend throughout the entire oord, we shall dow study the morbid 
types which are limited to certain regions of the aprd. Considerable dif- 
ferences are here manifested, both from a histological and physiological 
point of view, and are evidenced by perfectly distinct clinical forms. The 
progress made in recent times has especially aided in furthering our 
knowledge of the characteristics of the diseases in question. 

Starting with the posterior portion of the cord, we shall first examine 
the forms of tabes or locomotor ataxia, resulting from sclerosis of this 
region. Then passing to the lateral halves of the cord we shall investi- 
gate lateral sclerosis and its varieties, and the crossed hemiplegia and 
EemianEesthesia, with which experimentation and clinical observation have 
made us acquainted. Finally, we will pass in review the motor and trophic 
disturbances due to lesions of the anterior ciroumference of the cord, and 
especially of the anterior gray horns, as has been demonstrated in infan- 
tile spinal paralysis, in the acute spinal paralysis of adults, in progressive 
muscular atrophy, and in the mixed forma of these various affections. 



CHAPTER XXIL 

DISEASES 07 THE FOSTERIOE COLUMNS 07 THE COBD. 

Hutin (BuU. de la Soo. Anat., T. II., 1837), Monod (Bull, de la Soc. 
Anat., 1836), and Ollivier (loc. cit.) were the first to demonstrate that the 
anatomical lesion of tabes consisted of a degeneration of the posterior 
columns. Abandoning the narrow etiological views which had been 
hitherto entertained, Horn, Hecker, Naumann, Brach, Romberg, Stein- 
thal, and Wunderlich, were forced to pay more attention to the clinical 
aspects of the disease in question. The ataxic disorders of movement 
were first attributed by Bouillaud (Nosographie MWioalej V., 1840) and 
then by Todd (Cyclop, of Anat. and Physiol., 1847) to a disturbance of co- 
ordination. Twelve years later Duehenne (Arch. G6n., Dec, 1858, and 
Jan., Feb., and April, 1859), in his remarkable investigations upon pro- 
gressive locomotor ataxia, called the attention of physicians to thii 
disease and its symptoms, with a clearness and precision which Rom- 
berg and Todd were unable to attain. 



Pathological Anatomy. 

Upon fresh sections of the cord the posterior columns are found very 
much diminished in size, retracted, of a grayish color and a firm (rarely 
soft) consistence. According as the disease has involved the upper or 
lower limbs the lesions will predominate either in the cervical or lumbar 
region. In many cases the degeneration extends even higher, and may 
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be traced into the gray substance of tlie floor of the fourth ventricle, and 
into the pons and cerebra.1 gang-lia. We find upon loicroHcopioal exami- 
nation of transparent sections of the hardened cord that the nerve fibres 
are changed into a substance whioh is strewn nith fine granulations and 
fatty molecules, and are replaced by fibrillary connective tissue. If th« 
preparation is treatud with a weak solution of ammonia carmine, the axia 
cylinders will become more distinct, and we can frequently recognize, even 
with the naked eye, a cuneiform imbibition, corresponding to the degener- 
ated posterior columns. Accumulations of fat and pigment are often 
observed in the vessels, and some are filled with nuclear proliferations. 
The fundamental granular substance contains varicose capillaries, with 
thickened walls, and is infiltrated with granules and amyloid corpuscles, 
Marotte, and especially Lockhart-Clarke, have found the nerve oelli of the 
posterior hortis partially affected by sclerosis. The posterior nerve roots 
are thin, hard, and affected by fibrous degeneration. The sciatic, crural, 
and brachial nerves rue sometimes strewn with an interstitial connective 
tissue, rich in nuclei, with diminution of the primitive fibres (Friedreich). 
Several cranial tierves, especially the optic, motor oculi, and hypoglossus, 
also present gray degeneration and atrophy. Finally, the meninges are 
often, but not always, thickened and adlierent along the posterior columns. 

According to the later researches of Charcot and Pierret (Arch, de 
Physiol., 187S— 3) the lesion involvesnot alone the median cuneiform portion 
of the posterior columns (columns of Goll), but also extends to the exter- 
nal portion which borders upon the posterior horns. This portion has 
been regarded by Stilling, L. Clarke, and Koelliker, as the intra -medullary 
expansion of the posterior roots (internal root fibres of Koelliker), and 
unites various parts of the posterior gray substance by means of arched 
commissural fibres. The sclerosis of the posterior columns develops from 
the centre of this portion, and then extends to the posterior roots. The 
lesion of these postero-esetemal columns, without participation of tlie pos- 
tero-median columns, toill suffice, according to the above-mentioned 
authors, to give rise to ataxia. In advanced cases the degenerations 
finally involve the median columns. 

The sclerotic process not alone tends to propagate itself from the 
lateral to the median portions of the posterior columns, but it may also be 
transmitted to the posterior horns, and sometimes to the posterior portion 
of the lateral columns. In the vertical direction, the sclerosis of the lat- 
eral portions of the posterior columns may be traced into the medulla ob- 
longata, where it involves the restiform bodies. Usually the median por- 
tion of the posterior columns Is also the seat of a secondary degeneration, 
which proceeds from below upwards. The complication with progressive 
muscular atrophy, which is sometimes observed in ataxia, is due to an ex- 
tension of the morbid process to the network of nerve fibres which, accord- 
ing to Gerlach (Strieker, Handb. der Gewebelehre, 11. Bd.), connect the 
internal root fibres with the cells of the anterior gray horns. In a case of 
this kind, Charcot found atrophy of the right anterior horn, in addition to 
the degeneration of the posterior columns. I have had the opportunity of 
examining (Sept., 1871) the interesting preparations made by Charcot 
upon this subject. 



The alarming number of cases of ataxia and other spina! diseasea 
obaerred in our country proves that this predisposition must have ita 
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source ID causes which form an intimate part of the social conditions of 
our times. If we consider the enormous frequcnuy of aiuemia in large 
cities {and especially in Vienna); the large number of females who suffer 
from nervous and hysterical aSections; the numerous examples of preco- 
cious excitement, perversion or abuse of the genital functions; the many 
hardships to which men are exposed in the struggle for existence — can we 
wonder that, after such numerous and profound disturbances of the energy 
and force of resistance of the nervous system, debility and nervous dis- 
eases, with ail their sad oonRcquences, should be transmitted from parent 
to child? We can thus explain the fact that nervous diseases are so 
numerous in the present generation, and that ataxia is found su often in 
families whose members present, almost continuously, some varieties 
B disease. 



^k incli 
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TrooBaoau tiss several times obsarvBd ataiin to families in which oloseJr related 
members sufferedfrom hypochoadiia, monomamo. epilepsy, or convulsioiiB. In Fried- 
reich's obBervationn, ia cue case two, and. in another, toar relaUvea were affected 
with ataxia. CarrS mentiona a lamilj of atiuica in whom the grandmother, mothei. 
aevea brotbeis, acd sisterB, and Dine telatives were undoubtedly ataxic, lu a fatnil; 
nnder my care, the mother, who died of tuberculosis, hod fruquentlj' bad convulaiona, 
one son waa epileptio. suother Btsxic. and a danghter died of hydrocephalus. In 
Bnathei (amilT, twobrothera, and in a third, the father and sou, were ataxic ; in a fourth 
the grandfather died of apoplexy, the father became ataxic, and the son suffered fn>m 



It is evident, from the preceding statements, that the development of 
ataxia in certain families may be due to a predisposition to nervous dis- 
orders. When a morbid congenital predisposition exists, the nervous 
system will suffer from certain external influences, which would have no 
injurious effects upon healthier and more resistent individuals. Certain 
delicate constitutions will succumb more rapidly to anxiety and over-worlc, 
and are more seriously and persistently affected by outside influences, 
than others who were originally stronger, or better accustomed to and 
prepared for resistance. 

Among the external influences which are injurious to the nervous sys- 
tem, we must mention the eJTects of cold as among the most important. 
I have several times had occasion to point out the rbcumatio origin of 
ataxia. Among the considerable number of cases which I have observed 
in the Vienna General Hospital, during a long series of vears, cold has 
ficiired as the most frequent cause, especially in the workiag-classes, in 
which the men are so frequently and seriously exposed, by their work in 
the open air or in the water, to injuries from cold and from the strong 
winds which are prevalent in our climate. The remarkable frequency 
of ataxia among our laborers, upon whom the severity of their daily labor 
and the hardships of life impose moderation in sexual gratification, ia op- 
posed to the opinion that venereal excesses are the chief cause of ataxia. 
We also find ataxia (more rarely chronic myelitis) developing after ex- 
posure in diSerent professions. 1 have seen the first irritative symptoms 
of ataxia follow exposure among merchants, farmers, hunters, eiigdneera, 
etc., who are compelled to travel or work in the cold, and in snow or rain; 
among architects, who must often work in water and undergo various 
hardships; and among laborers, who work in canals, in ice, and at the most 
inclement seasons of the year. According to the individual idosyncrasy, 
or to the extent and duration of the action of cold, the irritation will aSect 
the skin and muscular nerves (muscular rheumatism), or will produM 
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neuralgia of more important nerve-trunks, like the sciatic nerve, or it will 
give rise to rheiimatio paralyses of certain groups of muaclea, or even to 
vascular excitation of the spinal system, la which the repeated or pro- 
Iniiged oongestions may give rise to morbid prooesses, as has been already 
demonstrated with regard to the brain. The abnormal irritation produced 
by cold upon the peripheral sensory nerves may be transmitted to the cord 
by following- the nerve trunks and roots. According to Feinberg'a recent 
experiments, intense cold applied to the cord in animals may also produce 
myelitis. 

Other testimony also evidences the influence which cold possesses 
upon the functions of the nervous system. Thus, while venereal excesses 
and other causes of exhaustion only give rise to ataxia after a long time, a 
severe exposure of short duration will suflSce to immediately develop th« 
first germs of ataxia, which then progress rapidly, especially if the action 
of the cold is repeated. The affection of the nervous system will depend 
very much upon the period at which the exposure acts, When the 
nervous system is in a condition of repose, it is able to sustain, with im- 
punity, many external shocks. But when the nerves are in a condition 
of excitement and have been overworked for a long time, they will not 
only feel the action of cold acutely, but this irritation may extend to the 
central organs, even to the nerve cells, and give rise to the first elements 
of disorder in their delicate structure. 

Venereal excesses also add a considerable contingent to this disease. 
But if sexual excess were really such a frequent cause of ataxia as ia 
generally believed, large cities would be filled with ataxics. A much 
larger proportion of cases of ataxia originates from two other forms of 
genital excitement, viz. : masturbation and habitual pollutions. 

There are numerous occasions for observing the profound influence of 
unnatural genital irritation upon the spinal functions and upon general 
nutrition. I believe that unnatural intercourse will affect the medullary 
activity less than the excessive excitement accompanying ejaculation in 
onanism. I know that pathological changes, following masturbation, are 
sometimes observed in monkeys. But the mate population would be in a 
very deplorable condition if masturbation would produce ataxia in the 
majority of cases in M'hich it is practised. The more infrequent the prac- 
tise of onanism, the better the forces of nature will be able to repair its 
evil effects. On the other hand, if masturbation is practised to an extreme 
degree for a number of years, and is even continued to a ripe age, a mor- 
bid condition of the nervous system will be produced, and the germs of 
spinal diseases may develop at a later period, when other noxious influ- 
ences are brought into play. 8eminal losses may also affect the nervous 
aystem, by their frequency and long duration. These pollutions are mora 
frequent in men who have previously practised onanism. The pollutions 
from psychical excitement are reUtively less grave. The longer the dura- 
tion and persistence of these seminal losses, the more serious will be the 
effect of the repeated congestions of the cord which follow them. When 
this condition continues several years and the resistance of the nervous 
system is shaken, a central affection may develop. 

Among the pathogenic factors of ataxia vre must also mention certain 
causes of exhaustion, such as severe exertion and mental anxiety, which 
may seriously compromise the spinal functions, especially in very impres- 
sionable patients. Ataxia also develops, at times, after syphilis, severe 
typhoid fever, repeated confinements, chronia hemorrhagic fluxes, and 
frequent and prolonged lactation. 

I ■ » 
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The male soi furnislies b. much larger proportion of ataxics than the 
female. The largest number of cases ilevclop between the ages of thirty 
and fifty years; they are most frequent between forty and fifty. I haia 
never seen ataxia m children, but merely rapid myelitis after SBTere 
exposure, 

Symptomatoloffy. 

Ataxia, when accompanied by palpable disorders of co-ordination, 
anomalies of sensation, and functional paralyses, is a. disease whicfa it la 
impossible to mistake. It is much more difBcult, however, to recognize 
the first stages of this affection. The onset of ataxia often passes un- 
noticed for a long time, and disguises itself under the appearance of vague 
neuralgias, rheumatic or gouty pains, hemorrhoidal troubles, or spinal 
irritation. Nevertheless, in the majority of cases, the careful physician 
will discover symptoms which reveal to him the gravity of the latent 
affection, despite the difficulties connected with diagnosis in examining 
the patient for the first time. 

Disorders of Sensation. — These disturbances are due, in the majority of 
cases, to vascular or inflammatory irritation of the cord, especially of the 
nerve roots and of their prolongations into the gray substance. The shoot- 
ing pains in the limbs, which follow one another more or less rapidly, 
are usuaBy accompanied by outaneous ht/percesthesia, chills, and acfslera- 
Hon of the pulse (from irritation of the internal root fibres, Charcot^. They 
occur more frequently along the inferior than along the superior oranches 
of one of the sciatic nerves, or along the lumbar nerves. In other cases 
the patients suffer from deep-seated piercing paina; girdling pains (aronnd 
the trunk) often predominate. These intermittent neuralgias only yield 
incompletely to therapeutic means. After they have lasted a certain 
length of time {sometimes even from the beginning), pains occur in the 
branches of the cervical or brachial plexus upon one side (with painful 
spots in the posterior scapular region and tenderness of the brachial nerves 
upon pressure), with numbness and tingling in the hands, fingers, or toes, 
and temporary twinges of pain in certain intercostal spaces. When the irri- 
tation extends to higher parts, it produces cerebral congestion, with a sen- 
sation of fulness, compression or constriction, and with or without notable 
elevation of temperature. Painful twinges in the course of the trigeminus, 
and a feeling of tension in the neck, occiput, and in the eyes often occur. 
In rarer cases, cardiac palpitation and aynoope make their appearance in 
consequence of reflex spasm of the cerebral vessels. 

Machiaigia presents various characteristics in ataxia. The spinoos 
and transverse processes and the skin and muscles which cover them are 
unusually sensitive to pressure from irritation of the posterior roots of the 
spinal nerves. This hypenesthesia is not a constant sign of ataxia or 
myelitis, Schiff has shown that if turpentine is poured upon one of the 
axillary nerves, the trunk of the nerve will become red and painful, although 
the Sensibility of its terminal branches was not markedly increased. In 
an analogous manner, the congested or even inflamed nerve roots may give 
rise to a sulyective, though not objective, hyperjesthesia of their terminal 
branches. In certain ataxics, in whom neither pressure nor exaggerated 
rotation of the trunk produced pain, I have seen the application of strong 
galvanic or faradic currents produce peripheral symptoms of irritation, such 
as burning or shooting pains in thg legs or soles of the feet. Galvanic 
^exploration of the lower cervical and upper dorsal vertebne In an ataxia 



produced muaeular contractions in the left arm (secondary irritation of the 
corresponding nerve fibres), while irritation of the right upper limb pro- 
duced no appreciable action. 

The pains may extend to the anterior portions of the thigh and leg, in 
which certain portions of the nerves are found sensitive to pressure, and 
prolonged compreaaion, lying upon the side, or the wearing of a light-fit- 
ting shoe, soon become insupportable. Pressure of the finger upon the 
sciatic notch, or on the points of emergence of the lumbar nerves, pro- 
duces pain (though not always), and is accompanied by a distressing sen- 
sation, on account of the frequent coexistence of cutaneous and muscular 



In the majority of oases the eensibilily fo (icMwy disappears first; 
tactile eenaibiliti/is profoundly changed and often abolished; tho sensibility 
to pain rarely disappears completely but merely presents perversions. 
SeniibUity to temperature is only altered at a later period, and the sensi- 
bility to cold is especially increased. Mjiscidar serisibiHly is usually pro- 
foundly changed ; the delay of sensori/ itnprfssions (on account of ob- 
stacles to transmission in the gray substance) may even amount to two 
or three seconds. When a more extended anieathesia develops at a later 
period (from lesion of the posterior roots and horns), it may even affect 
the articulations. Movements communicated to the toes, metatarsus, 
ankle, or even to the knee, do not penetrate the consciousness of the- 
patient. Great difficulty is experienced in assuming the vertical position 
(on account of the want of stability in the knoes) and in walking (the foot 
does not disengage itself from the ground) ; the movements of rotation are 
also poorly executed. At this period the muscular sense is generally in- 
volved. When the eyes are closed, or during the night, the patients are 
unable to distinguish the position of their limbs or of their relations to one 
another. By means of a descending galvanic current applied to the nerves 
or muscles, marked contractions are sometimes obtained, which are per- 
ceived only slightly or not at all by the patient when his attention is di- 
verted. Cutaneous sensibility is also profoundly changed over the surface 
extending from the ioins to the buttocks, scrotum, and penis. 

Motor disorders. — These disturbances usually appear at an early 
period. The patients experience a distressing sense of tension in the limbs, 
the knees bend under from time to time, and they soon complain of fatigue 
when walking (especially without a cane). This feeling of prostration 
often inconveniences the patient to a very marked extent when rising from 
bed (morbid perversion of the muscular sense ?). From time to time, and 
especially after exertion, temporary muscular spasms occur in the up- 
per and lower limbs and in the trunk and neck. The vertical position, 
rapid rotation upon one foot, rapid walking, ascending a flight of stairs, 
and running are performed with difficulty, and are usually followed by an 
exacerbation of the pains in the legs or back, and by a more marked feel- 
ing of constriction in the head. 

This weakness of movement may increase slowly for the space of a 
year, but in unfavorable conditions, or on account of the original intensity 
of the disease, it may promptly terminate in abolition o£ motion. The 
energy of the movements then diminishes rapidly, stifEness and stamping 
become very evident during walking, the legs act unequally and are thrown 
ftpart when placed upon the ground. In order to sustain the vertebral 
column in its unstable equilibrium, a curve is formed towards the sound 
tide from interruption of the antagonism between the dorsal muscles and 
from paresis of one side. 
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The stability of the knee-joint is compromised from weakness and 
atrophy of the ostenaors of ths thigh. The paresis of the muscles of the 
pelvis causes great difficulty in straightening the trunk after bending tor- 
wards and in performing the oscillations, which are normally executed 
upon the head of the femur. Uther characteristia sigua also develop, such 
03 osuillations when the patient remains for some time with the eyes cldsed 
and the feet close together (Bracb's symptom) ; iaability to stand or hop 
upon one foot with the eyes closed; inability to turn to the right or left 
when the feet are kept close together. Clonic apaams often occur in the 
extensors of the thigh and in the buttocks, especially io the vertical posi- 
tion with the eyes closed. The oscillations are caused, in my opinion, by 
relaxation of the muscular tonus in the extensors of the muscles of the 
pelvis. At a more advanced period we find, in a number of cases, the 
movements of projection of the limbs, the stamping, and the want of 
harmony in the combined action of the muscles, which is known as ataxia 
(paralysis of co-ordination). In very advanced cases, even paralysis may 
occur in a larger or smaller number of muscles. Ataxic weakness of the 
upper limbs rarely occurs at the onset of the affection, but only after the 
motor disturbances have appeared in the lower limbs (sclerosis of the inner 
root fibres of the posterior columns in the cervical region, Charcot and 
Pierret). We then observe formication and aniBsthesia in the hands, and 
inability to grasp objects firmly; the writing becomes labored and hesitat- 
ing, and the patient experiences great difficulty in rounding the letters. 
Walking is only possible with the aid of a cane, but the latter is readily 
entangled between the legs of the patient. I have seen many cases of 
this kind confounded with writer's cramp. 

Voluntary movements are hindered, on account of the disturbances of 
co-ordination by antagonistic movements of the limbs, attended usually 
with abnormal increase of reflex action. In two cases which 1 observed 
the reflex movements were so marked that the patients, when once started, 
were incapable of coming to a stand-still, but continued to walk with an 
involuntary impulse. They were compelled to seize hold of some object 
in order to arreat their progress. 

The galvanic excitability is abnormally increased in the irritative forms 
of ataxia. This ia manifested by the appearance of contractions at the 
closure of the cathode, often by tetanic contractions upon application of 
weak currents, or by the enormous increase in the intensity of the con- 
tractions from currents of short duration or inverse direction (even with 
weak currents), or when the resistance is diminished by the use of tha 
rheostat. Contractions often appear more rapidly and strongly upon 
closure at the anode than at the cathode, or contractions may even appeal 
with more intensity when interrupting at the cathode. The farado-mus- 
cular contractility may also be increased at first, but is markedly dimin- 
ished in the chronic forms and when paralysis begins. 

Fever sometimes occurs io the initial period of ataxia, and has been 
investigated of late years by Finkelbiu-g (Verb. d. Niederrhetn. Gea. f. 
Natur- u. Heilk., 1864) and by Clemens. These febrile symptoms are 
especially important with regard to the nature of the disease. In the 
majority of cases they correspond to an exacerbation in the inflammatory 
processes occurring in the medullary parenchyma and meninges. The 
unset of ataxia is marked, more or less frequently, by changes in the 
pupils and by phenomena of irritation on the part of the bladder, genital 
organs, and vascular nerves, which are due to irritation of the correspond- 
ing centres in the cord. 
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the pupillary changes are duo to a lesion of the cilio-spinal centre in 
the upper portion of the cervical cord. Both pupils may be contracted 
to the size of a pin's head, may be insensible to light and atropine (paral- 
ysis of the iris with anterior convexity), and only become dilated during 
paroxysms of pain. More frequently, however, one of the pupils, eape- 
oialty upon the weaker side, is markedly dilated and sluggish, and some- 
times both pupils are in this condition; the dilatation may also disappear 
from time to time, and the contraction becomes more energetic under the 
influence of light, or we may even notice alternations of contraction and 
dilatation. 

We sometimes observe neuralgia of the urethra, the neck of the blad- 
der, and the rectum, from irritation of the genito-spinal and ano-spinal 
centres (Budge). The neck of the bladder and the urethra present intense 
hyperffiathesia, often attended with vesical tenesmus, pain during micturi- 
tion and violent periodical pains in the urethra, which may be com- 
bined with voluptuous sensations. In rare cases the pains radiate into 
the spermatic cord, the testicles, and lower limbs. Very frequently, also, 
& few drops of a clear fluid appear at the meatus after violent genital ex- 
citement and after micturition. This fluid proceeds partly from the pros- 
tate gland, and partly from Cowper's glands, and is usually regarded as 
indicative of chronic urethritis. Some patients complain of a sensation 
of buruing, compression or lancinating pains in the rectum. 

JtkorOera qf tlie Cranial Nerves. — These couatitute some of the most 
gerious and frequent complications of ataxia. The optic nerve is most 
commonly involved (fifty-one times in one hundred and two oases, accord- 
ing to Topinard), and gray degeneration is much more marked in it than 
in the other cranial nerves. There is, at tirst, a concentric narrowing of 
the field of vision, with diminution in the sharpness of sight, which finally 
terminates jn complete blindness (amaurosis). With the aid of the oph- 
thalmoscope the papilla is found to have sharp outlines, has a shining white 
color, and the retinal arteries are diminished in size. Both eyes are usu- 
ally affected to an equal extent. In some cases the early amaurosis is 
the first symptom indicative of ataxia. 

In many cases the diminution in the power of sight is accompanied 
by partial abolition of the perception of colors (Daltonism). After a 
gradual diminution in the perception of colors at the external boundary 
of the field of vision (Schoon, Birmer), the perception of green and red is 
first weakened, and then entirely aboUahed. Yellow, with its infinite 
variety of shades, and blue remain perceptible for the longest period. As 
long as the colors persist at the outer limit of the field of vision, the prog- 
nosis, according to Schirmer, is not unfavorable. 

The motor nerves of the eye also become involved at an early period. 
The paresis or paralysis occurs most frequently in the motor oculi com> 
munis, less frequently in the external motor oculi, and very rarely in the 
patheticus. Ptosis, diplopia, and strabismus may appear as temporary 
symptoms of irritation, and disappear with or without treatment and with- 
out any noteworthy effect upon the primary disease. They may reappear 
after long absence, or, on the other hand, they may persist with the 
other symptoms of the disease. Paresis of accommodation may also de- 
velop and is likewise susceptible of recovery. Oculi-motor paralysis of 
cerebral origin is usually accompanied by intermittent cephalalgia, ver- 
K tigo, intellectual disturbances, simultaneous affection of other cranial 
B nerves, and coincident or alternating paralyses of the limbs. Oculo-motor 
H paralyses of spinal origin are distinguished by the coexistence of frequent 
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Bciatic neuralgia, with cutaneous hypcrajstheaia or ether neuralgic pains, 
espeoially in the lower limbs, by the rapid exhaustion at the motor taaa- 
tions, the weakness of the genital sj'stein, the different results obtained by 
ophthalmoscopic examination (cf. page 101), and, finally, by the increased 
electrical excitability to which we nave referred above. 

The trigeminal nerve is sometimes implicated in ataxia. In a case ob- 
served by Duchenne, double paralysis of the fifth pair of nerves occurred, 
nith paralysis of the left motor oculi oommuniH. Id four of my cases, 
paialysia of the trigeminal and motor oculi communis occurred twice; 
paralysis of the latter nerve, and of the facial and trigeminal, developed 
once; and, in the fourth case, anicsthesia was observed upon the buccal 
mucous membrane and perversion of taste upon the left side. The paral- 
ysis of the trigeminal is usually incomplete. The /aciai nerve is rarely 
mvolved in its totaUty, but certain muscles of the face manifest diminished 
tonus. Duchenne, however, has seen complete paralysis of the facial 
nerve in a case of ataxia. 

The acoustic nerve is not always exempt. In Topinard's one hundred 
and two oasea, hearing was affected ten times, and I have observed dis- 
turbances of Audition in five cases (enfeebled hearing upon one side). In 
the majority of cases, the patients complain of annoying noises in the ears, 
which prove intractable to treatment. The lesion of the semi-circular 
canals, observed by Lucas in a. case of gray degeneration of the posterior 
columns, must be regarded as an accidental complication, since Politzer 
made a smilar observation in a case of tuberculosis. 

Functional disorders of the kypoglossua not infrequently develop dur- 
ing the course of ataxia. I have noticed disturbances of speech in eight 
cases of ataxia; Friedreich has seen it sis times, and Topinard twenty 
times in one hundred and two cases. The patients experience some diffi- 
culty in speaking, especially in the pronunciation of certain words. The 
motion of the tongue is little affected, except when the organ is protruded, 
when it is seized with strong tremor and spasmodic movements. The 
stammering must be looked upon as a variety of ataxia of the muscles 
which take part in speech. The disturbances of speech usually appear after 
other disorders of the senses or of the organs of movement. When the 
hypoglossus is involved at the same time with the other nen^es which 
take part in deglutition, the latter function is rendered very difficult of per- 
formance. 

Irritative phenomena also appear, at times, on the part of the pneumo- 
ffoairic and spinal acceasory nerves. Irregularity of the heart's action de- 
velops in certain patients and increases, at times, without any appreciable 
cause. I have, for a long time, observed a patient who often presents an 
acceleration of the pulse to 108 or 112, without any assignable cause. 
Eulenburg (Berl. klin. Wschr., 38, 1868) has demonstrated, with the sphyg- 
mograph, the dicrotism of the pulse in ataxics, and attributes it to a diminu- 
tion of the vascular tonus {of spinal origin). Periodical gastraigia and 
vomiting, with acceleration of the pulse, occur, in some cases, during the 
stage of irritation (crises gastriques of Charcot). They are accompanied 
by other symptoms of spinal irritation, especially by lancinating pains. 
These gastric crises may be attributed to irritation of the sensory fibres fur- 
nished by the pneumogastric to the stomach, rather than to hypenesthesia 
of the solar plexus, whose sensibility has not been hitherto established. 

Disorders ofphonation are very rare in this disease. In one of my 
patients, paresis of one of the vocal cords was observed with the laryngo- 
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In another case the periodical difficulty in waHsing was aGoompanied 
hy marked, feebleness of the voice. The diminution in the tension of the 
vocal corda, in such cases, is probably due to disturbances in central in 
nervation. 

The sense of taste is often changed. The appetite is not infrequently 
lost, the tongue is thickly coated, and gas forms in the stomach and intes- 
tines, both at the beginning of the disease {with or without febrile symp- 
toms) and in the later stages (nervous dyspepsia). In certain chronio 
forms of this dyspepsia, the sensibility of the buccal mucous membrane is 
diminished. All kinds of food taste insipid and doughy, and only mark- 
edly sweet or acid substances are perceived. In a case referred to above, 
the left half of the mouth and 
gums was markedly insensible 
to touch and to the action of 
ftn induced current. In two 
of Topinard's patients, the 
sense of taste was either en- 
feebled or lost. 

Yaso-motor and D-ophic 
Disturbances. — In addition to 
the burning sensations which 
the patients sometimes com- 
plain of in the legs or soles of 
the feet, and to the frequent 
and annoying subjective sen- 
sations of cold, attended by 
diminution of the perspiration 
and cutaneous secretions, des- 
quamation of the skin, etc., 
I have also observed the ap- 
pearance of reddish blue spots, which were very sensitive to j 
this category also belong the arthropathies described by Charcot, by whom 
they were observed five times in fifty cases. They usually belong to the ini- 
-tial symptoms of the disease, and, when they appear at a later period, are 
ooufined to the upper Hmb. The arthropathy develops without prodromata, 
the creaking and swelling of thejointbeing the first signs of the hydarthro- 
sis. It usually occurs without pain or rise of temperature. The moat fre- 
quently affected joints are the knee, shoulder, elbow, hips, wrist, and, more 
rarely, the smaller articulations. There are two varieties of arthropathies — 
a benign form, which terminates in recovery in several weeks or months, and 
a severe form, which causes lesions of the joint surfaces, dislocations, etc. 
This arthropathy differs from dry arthritis by the increase of the intra-artic- 
ular exudation, by its manner of develi^ment, its sudden appearance, and 
frequent recovery, Charcot, Joffroy, Pierret, and Gombault have shown 
that the anatomical substratum consists in atrophy of the anterior horns 
(muscular atrophy often occurs in the affected limbs). In a recent case 
the atrophy of the anterior horns was wanting, but the spinal ganglia 
were enlarged and markedly changed. 

The general nutrition m&y Temain good for years. Usually, howe re r. 
the size and firmness of the muscles diminish, although the subcutaneous 
adipose tissue appears well developed. Many of the patients have a 
peculiar, pale yellow color, especially upon certain days and after excite- 
ment, insomnia, etc. 

The patients are subject, at the onset, to frequent erections and oollu' 
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tioiis. The sexual appetite is inordinately increaaed, but their ability t-o 
perform the sexual act does not equal their desire. The ejaoulatioD ot 
aemen occurs prematurelv, erection ia often incomplete, and after coitus 
the patients are extremely prostrated. In the majority ot esses tlie im- 
potence progressively increases. Sometimes, however, complete or incom- 
plete impotence berafds the onset of the disease, and is soon foUoned 
by neuralgias, diplopia, and rapid deterioration of motor power. 

The remote complicatioTii of ataxia consist of dementia parah/tica, 
and melancholia (with secondary lesions in the brain), I^ogreaaive mtM- 
cuiar atrophy has been observed by Fouoart, Duchenne, and Charcot, and 
has been attributed by the latter to lesions of the cells of the anterior 
horns. The symptoms of paralysis, vsith or toithoul contracture, which 
sometimes occur in the last stas'es, are due to secondary degeneration of 
the posterior segment of the lateral columns. 

Ducbenne has divided this disease into three stages. The first stage 
comprises the ocular paralyses, degeneration of the optic nerves, and the 
cliaracteristio shooting pains. The second period is cliaraoteriied by loss 
of co-ordination, and of the muscular and cutaneous sensibility of the lower 
limbs (more rarely in the upper limbs). To the third period belongs the 
geucralization of the disease. But since the ocular disturbances and ce- 
phalic symptoms do not exist in all forms of ataxia, and since even the pains 
may be wantiug in certain cases, it appears preferable to distinguish only 
two stages in ataxia. 

The first stage, or giaffe of excitation (with or without cephalic symp- 
toms) is due to the development of the irritative process in the nerve cen- 
tres, and is characterized by irritative phenomena of motion, sensation, and 
the vegetative functions. To this period belong the ocular paralyses with 
diplopia, the primary retinal changes, muscular spasms (usually of a reSex 
nature), the ready fatigue of the muscular power with integrity of iso- 
lated contractions of the muscles, neuralgias, and hypenpsthesias in the 
course of different nerves, febrile symptoms, phenomena of irritation of 
the genital organs, stomach, bladder, and rectum, arthropathies, etc. 
The second stage, or gtoffe of abolition of motion and sensation, com- 
mences with the beginning of the degeneration, and comprises the mani- 
fest weakness in the harmonious action of the muscular system, frequently 
followed, if not accompanied, by diminution in the sensibility of the mus- 
cles, skin, and joints. It also includes the functional decay of the genital 
organs, the bladder, and rectum, and finally terminates in the more or less 
rapid suppression of all these functions, in partial paralyses, muscular 
atrophy, insanity, etc. 

In many cases, however, it is impossible to adhere rigorously to this 
classification, since various symptoms of both stages may be present at the 
same time. 

The 7%eon/ ofAtaeeia. 

It has been established by a considerable number of observations that 
ataxia consists essentially in an affection of the posterior portion of the 
cord and tliat the sclerosis attacks, by preference, the posterior columns. 
If the process gains in extent and intensity, the adjacent posterior roots 
and the postenor gray horns will also become involved. The lesion often 
extends to the base of the brain and cranial nerves; it more rarely involves 
the anter.jt roots or horns. Experimentation has proven that the poste- 
oolumns serve only to a slight extent for the transmission of i 
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tion, but that the latter occurs chiefly through tho gray substance. On 
the other hand, section of the poeterior columns produces considerable dis- 
order in co-ordination o£ moveineDts. The centrifugal influence of th6 
posterior roots upon the excitability of the anterior roots (Harlaaa and 
Cyon) has been (iisproven by the negative results obtained by Bezold, 
Uspensk^, and G. Heidenhain. This ia, therefore, a problematioai phenom- 
enon which cannot be utilized in the interpretation of disease, and espe- 
cially of ataxia. 

The rdle played by cutaneous sensibility in preserving equilibrium has 
been determined by Vterordt and Heyd {Taatsinn d. Fusasohle, etc., 
Tubingen, 1863) by anHjsthetizing the soles of tbe feet with chloroform or 
ice, and these experiments have shown that the amplitude of the oscilla- 
tions of the body is increased in these cases. In an ataxic, with incomplete 
insensibility of the soles of the feet, the local anteathesia niaiiifostly in- 
creases the uncertainty in the erect position and in walking with the eyes 
closed. 

From these experiments, and from the fact that patients with myelitis 
themselves remark tbe amestbesia of their limbs, while hysterical patients 
scarcely notice it, it follows that the loss of aensibihty exercises some in- 
fluence upon the awkwardness of movement observed in ataxia. 

According to Leyden's observations (Ueber Muskelsinn in Ataxie, 
Virch. Arch., 47. Bd.), the sensibility of the de^er parts {the tmtscles and 
articulations) is affected eariier and more prof oundly than the cutaneous 
aenaibility. When the perception of movements is lost, together with the 
stability of the articulations of the foot or even of the knee, the patient 
finally loses all consciousness of the position of the limbs while walking. 
The preservation of equilibrium, the force, certainty, and harmony of action 
of the lower limbs, are, therefore, more and more compromised, and the pa- 
tient must rely upon the sense of sight to supply the imperfections of 
movement. 

If we attentively consider tho mechanism of movements, from the first 
attempts of the child to the secure walk of more advanced age, we will 
find that our first efforts, which are entirely re Ilex, engrave the first motor 
impressions upon the cerebral cortex. 

The frequent and regular succession of these phenomena occur in well- 
determined reflex paths. It is only at a later period that the cerebral ac- 
tivity, having arrived at maturity, intervenes directly in the production o( 
movements, the latter obeying not only unconscious impulses, but also tho 
conscious volition. The mechanism of these movements results from a 
continual succession of voluntary and involuntary muscular actions. The 
voluntary stimulus from the cerebral cortex passes to the anterior roots, 
through the fibres of the pes pedunculi, which have their central origin in 
the corpus striatum and lenticular nucleus. Keflex and unconscious im- 
pulses, which have their origin in the posterior roots and sensory nerves, 
pass to the optic thalamus and tuberoula quadrigemina, and these transmit 
the stimuli to the anterior roots through the tegmentum pedunculi. Each 
raovBment occurs from the harmonious combination of contractions in cer- 
tain groups of muscles, and the simultaneous innervation of these groups 
occurs by reflex means. These reflex acts are not only produced (as Cyon 
believes) by the sensitive muscular nerves which originate, according to 
CI. Bernard, in the posterior roots, but also in other parts endowed with 
sensibility, like the skin and articulations. Thp degree of tension of the 
skin, the compression exercised by the muscles upon their nerve termina- 
tions, and the resistance of the articulations, give rise, in a reflex manner, 



i 



I 



3S4 OLimOAL TRBATISB Ott 

to correspond ing- sjnerg^ic muscular actions. The gi«at inSiience exerted 
by the posterior roots upon the motor activities is etill further confirmed 
by the pathological facte obacrved by Charcot and Pierret. They have 
observed, in all their cases of ataxia, a degeneration of the external fibres 
of the posterior columns, which are continuous with the posterior roots 
and even with their prolongations into the posterior horns. 

Duchenne has discovered that every movement of the trunk and limbs 
results from a double stimulation, which causes a. simultaneous contraction 
in the muscles directly involved and also in their antagonists (or moder- 
ators). In walking, for example, when the trunk is carried horizontally 
forwards, it is necessary that toe leg be elongated, and thia is produced by 
extension of the knee and then of the ankle. In this manner the truuk 
may be carried forwards the whole length of the foot, which is raised 
from the ground. The elongation, which is still further necessary, is ob- 
tained by extension of the. thigh; when the maximum elongation is 
reached, the leg is then raised by means of Hexioa of the knee, in order 
to move forwards without grazing the ground. During this series of 
movements of extension in the various segments of the lower limbs, it is 
necessary that the corresponding flexor muscles, as weil aa the external 
and internal rotators, should acquire greater tonicity and oppose a oprtain 
resistance, in the absence of which the movements would become sudden 
and convulsive. 

Bishops has shown that, with the exception of the hand and forearm, 
the extensor muscles throughout the body are stronger than the flexors. 
We must therefore conclude that a sufficient equilibrium between the 
power of the different muscles is not maintained by the muscles themselves, 
but through the intervention of the nervous system. 

Let us suppose that the apparatus of co-ordination is affected by an 
extended process in the nervous centres, such as occurs especially in ataxia. 
The disorders of innervation will then have a profound effect upon the 
manner of the production of movements. In the majority of cases it will 
be extremely difficult to differentiate the disorders of innervation from 
those of co-ordination. The different muscular groups may be unequally 
affected according as the various nerves are involved in the spinal disease. 
Usually, in ataxia, the extensors of the thigh and gluteal muscles finner- 
vated by the sciatic nerve) suffer less than the flexors (psoas and ibacus), 
which are supplied by the lumbar nerves. On the other band, the exten- 
sors of the knee (triceps femoralis), -which are innervated by the crural 
nerve, are less affected than the flexors (biceps, scmi-tendinosus, and semi- 
membranosus). 

In proportion as the motor disturbances increase in ataxics, we some- 
times observe that the patients do not carry their legs forwards, but that 
they throw them outwards in the arc of a circle before placing the foot 
upon the ground, and that the trunk consequently undergoes a very marked 
movement of extension. This depends upon excess of action in the ex- 
tensors, with relative weakness of the flexors of the hip and exiensora of 
the thigh. 

The centres of co-ordination include the cerebellum and pons varolii; 
the part played by the tubercular quadrigemina in thia function is less 
positivelv demonstrated. The cerebral hemispheres do not participate 
directly in the co-ordination of movements, but the centres of co-ordination, 
in order to become active, need a motor impulse originating in the cerebral 
ganglia. The posterior columns, by reason of the fibres of the posterior 
roots which enter into their composition, act merely as conductors for the 
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transmission of sensory impressions to the centres of co-ordiiiation in the 
cerebellum and mesocephalon. Serious lesions of these conductors destroy 
the ittterniedi&te p&ths and, consequently, the essential unity of the ap- 
paratus of co-ordination. From the statements hitherto made, we must 
therefore conclude that progressive locomotor ataxia IB a paralysis of co- 
ordination, a synergic paralysis of spinal origin. 



Diagnosis. 

The appearance of lancinating pains in the lower or upper limbs, ap- 
pearing periodically and increasing after exertion or excitement sliould 
lead us to suspect the beginning of locomotor ataxia. Pains in the spina] 
eolumn, and especially Boiatio pains (with or without partial cutaneous 
hyperfestheaia), persistent upon one side and intermittent upon the other, 
are very significant. Intercurrent diplopia, marked inequality of the 

£pi!s, changes in the optic nerves recognizable with the ophthalmoscope, 
turbances of vision and color-blindness, and the less frequent irritative 
phenomena on the part of the digestive and gen i to- urinary organs, are 
also very characteristic symptoms. Rapidly developing fatigue, especially 
in the vertical position; tremor and oscillations occurring when the patient 
attempts to stand upon one foot, with the eyes closed; phenomena of 
irritation on the part of the genital organs (increased sexual desire, fre- 
quent pollutions, incomplete erections, etc.); extreme sensibihty to atmos- 
pheric changes; finally, the abnormal electrical excitability of the nerves, 
— aU those symptoms, together with their manner of appearance and their 
oharacteristio relations, will usually enable us to detect the latent course 
of ataxia at an early period. In its more advanced stages, ataxia will 
hardly be overlooked by even the most careless observer. 

With regard to differential diagnosis, we must especially take into 
consideration certain central aSections whose symptoms are similar to 
those of ataxia. 

Chronic myelitis is distinguished from ataxia by an evident diminu- 
tion of motor power (varying from abolition of certain isolated movements 
to general paralysis) ; in walking, the patient drags the limbs slowly and 
with difficulty. There are no disorders of co-ordination or intermittent 
ocular paralyses. The different varieties of sensibility disappear rapidly, 
and galvanic excitability is more frequently diminished than in ataxia. 
Chronic spinal meningitis also presents the signs of a chronic myelitis, 
with the trophic disorders and electrical reactions resulting from local com- 
pression of the cord (vide p. 18f)). 

In general paralysis we sometimes observe movements of projection 
of the limbs at an advanced stage of the disease. But general paralysis 
commences with tremor of the limbs, tongue, and lips, followed by em- 
barrassment of speech, dullness of the senses, disorders of memory and 
judgment. Not infrequently certain filaments of the facial nerve are mora 
or less paretic at the onset. On the other hand, ocular paralysis and 
amaurosis do not occur. If ataxia is complicated with insanity (a very 
rare occurrence), this will only develop after secondary affection of the 
cerebral cortex, and we must then rely, for diagnosis, upon the previous 
history of the patient. 

The differential diagnosis between ataxia and cerebellar affections has 
been discussed upon p. 134. Unilateral ataxia is rare, and is readily dis- 
tinguished, with a little care, from cerebral hemiplegia. We can reoog- 



nize the real nature of the hcmiplegic symptoms by the coexistence ol 
motor or sensory disturbances upon the other half of the body, by the 
characteristic neuralgia, and by other evident signs of ataxia. 

ffyaterical ataxia is cliaracterized by rachialgia with intense hypenes- 
thesia, by the variable sensory disturbances in the lower limbs, by the 
abolition of eleotro-outaneous and electro -muscular sensibility, the appear- 
ance of intermittent hysterical attacks, eta. 

Ataxia following acttte diseases (diphtheria, variola, typhoid fever) 
may be interpreted correctly by taking into consideration the previous 
symptoms, the simultaneous disorders of speech, and the absence of other 
signs of ataxia. In Ebstein's case (Arch. f. klia. Med., X. Bd.) sclero- 
sis of the medulla oblongata and spinal cord was found in ataxia fol- 
lowing typhoid fever. 

Finally, in cerebrospinal sclerosis we may also observe symptoms of 
ataxia and shooting pains, when the lesion extends to the posterior col- 
umns. But, in these cases, the initial oerebral symptoms, the embarrass- 
ment of speech, nystagmus, increased reflex excitability, and tremor 
during movements or after excitement, will prevent us from hesitating 
long concerning the diagnosis. 

Prognosis. 

The prognosis of ataxia is usually grave, but it is not desperate in all 
cases. It depends upon the violence of the initial symptoms of central 
irritation, upon their duration previous to treatment, and, finally, upon the 
habits of the patient. The more slowly the ataxia develops under the 
:Bfluence of known causes, the less threatening will be its further prog- 



Therapeutic measures meet with the greatest success when directed 
against the initial stage of ataxia. But even in these cases, examples of 
complete and permanent recovery are exceedingly rare, and, hitherto, no 
case of cure has been as well authenticated aa we might wish. Charcot 
and Vulpian have twice observed regeneration of nerve fibres in the cord, 
but this statement has not been confirmed. Even when periods of arrest 
occur in the progress of the symptoms, we should distrUBt the final tri- 
umph of therapeutic remedies. 

Cases of ataxia traceable to hereditary influence, or in which an es- 
pecial intensity is manifested by the rapid abolition of motion, of the gen- 
ital functions and of the activity of the sphincters; those in which the 
disorders of motion and sensation rapidly increase or in which emaciation 
occurs after prolonged excitement or fatigue; those in which several 
crania] nerves, and especially the nerves of special sense, are involved, after 
a long period of characteristic neuralgia and motor disorders — all these 
cases present an unfavorable prognosis. 

The paralysis of the ocular muscles, especially at the onset, diminishes 
with or without the aid of the electric current. In advanced cases per- 
aistent contractures sometimes develop. The disorders of co-ordination in 
the muscles presiding ■over deglutition and speech, and asthmatic diflScul- 
ties, are rare but grave symptoms, the appropriate treatment of which 
(galvanization of the hypoglossal or phrenic nerves) may diminish their 
aangerous character. 

The diminished power of sight presents an extremely gloomy prognosis. 
I have only seen one case of severe ataxic amblyopia in which hydrothera- 
peutic measures, continued for several months, produced such an improve- 
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ment that the patient could recognize surrounding objeota with tolerable 
distinctness. A similar case is reported in Eisenmana's work, Oba. 65. 
But, in general, nothing will arrest the progress of the amaurosis (subcu- 
taneous injections of strychnine, etc.). It is almost always superadded to 
other serious disturbances of motion and sensation. 

The persistent neuralgias, the dulling of sensibility over a lar^e aur^ 
face, genital irritation (especially frequent pollutions), the rapid diminu- 
tion of nutrition and early paralyis of the sphincters, render the prognosis 
much more grave. Local or general treatment, hydrotherapeutics, and 
electricity may relieve some of the annoying aymptoms, but the effects of 
treatment will not prove permanent unless motion is palpably benefited. 
The diminution of vertigo, greater resistance to fatigue, and more sus- 
tained continuity of movements are important indications of improvement. 
We may sometimes succeed in keeping the ataxic in the same condition for 
several years (these cases are frequently reported as recoveries), but we will 
usually find tliat the progress of the disease presents an ebb and flow. 
This dire affection may exist for years, with very insignificant symptoms, 
when a fresh exposure, excesses, or mental esciteraent may suddenly preci- 
pitate its progress. In the severer forms, the ataxia pursues its course 
without being influenced in the least by any method of treatment. 

Ataxia is generally a disease of long duration. Death does not occur 
in less than five years, except in those forms which run a rapid course. The 
largest mortality occurs at the end of the fifth or tenth years of the dis- 
ease, and certain cases may last fifteen or twenty years and even longer 
(including the long period of the phenomena of irritation). The majority 
of ataxics die from pulmonary affections (tuberculosis, pleurisy, pneumo- 
nia), and a few from bronchitis, cystitis, suppurations, and bed-sores. 
Paralysis of the respiratory muscles, asthmatic disorders, and insanity are 
extremely rare causes of death. 

Ti-eatment. 

We shall only consider a few of the remedies that have been recom- 
mended in this affection. 

Iodide of potassium has been highly praised by Brown-S4quard and 
Duchenne in exudations into the spinal system. I have employed this 
drug faithfully in the beginning of ataxia, but without having obtained 
any appreciable effect. 

Nitrate of silver bas been highly extolled by Wunderlich, Charcot, and 
Vulplan, Herachell, Klinger, Duguet, and Vidal. It is most conveniently 
prescribed in pills (two to three decigr. (withsome extract) to sixty pills, 
of which three to nve are given daily). We may employ this remedy 
when the motor disturbances are very marked, until four to five grammes 
have been administered. The development of argyrism need not be appre- 
hended before four grammes of nitrate of silver have been administered. 
In patients suffering from oardialgia and in those who complain, after the 
employment of this remedy, of a disagreeable sensation in the stomach, 
a metallic taste in the mouth, and diminution of appetite, treatment must 
be suspended for a certain length of time, and begun again, in smaller 
doses, after these symptoms have disappeared. 

Charcot and Vnlpian have obaerved the (oUowitig ijmptoma aftsr the emplojineilt 
of nitrate of silver ; fancication, slight oonvulsloos tbrongbout the whole bodj, and 
lichenoid eraptioni with pnultis. 
17 
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Amon^ twenty cases treated with nitr&te of silver, I have only seen 
le in which the motor power improved rapidly and to a marked extent. 
This treatment has little effect la inveterate cases. The remarks made son- 
oeraing the nitrate of stiver will also apply to the phosphide of silver. 

BrowD-S<^UBrd has strongly recommended belladonna and ern>t. I 
refer for further details to page 199, and will only remark that 1 have 
never &een any satisfactory results from their employment. 

Bromide of potassium is most useful in those forms which are attended 
by increased reflex eicjtability, by nervous agitation, wandering neural- 
gias, muscular spasms, and sexual excitement In these cases bro- 
mide of potassium will relieve the irritability of the spinal centres. We 
may prescribe two or three grammes daily, in pills or powder (in a little 
sugar-water). It is well tolerated by the majority of patients, but in some 
cases it produces redness of the pharynx, coryza, urinary hypersecretion 
from time to time, and diarrh<eal evacuations. We must suspend the use 
of the bromide as soon as weakness of the limbs develops in consequence 
of its employment. 

FbosphomB has- beeorecently prescribed in ataxia by Dnjardin-Beanmeti. He 
adminUtfliH iho dmg diasoWed in chloroform {I gramme to 1000|, in gelatine capsoleB, 
the dose vorjiDg from 1-10 miUigrammeii daily. I have freqaeaU; seen pbosphoms 
produce disordeni of digestion, but have observed ao benefit from its administratjon. 

Subcutaneous injections of morphine, and other preparations of opium, 
are useful as paUiatives iu ataxia dolorosa and in the severe neuralgic 
paroxysms of ordinary ataxia. The patients finally become accustomed 
to enormous doses without experiencing any inconvenience. The exces- 
sive pains should, nevertheless, be combated in these casea by the use of 
mineral waters, hydro therapeutics, and the methodical spplicacioa of elec- 
tricity, since the neuralgias sometimes yield to one or the other of these 
remedies. But in some cases, fortunately comparatively rare, hypodermic 
injections are necessary to relieve the paina. I have obtained temporary 
good results, in purely nervous insomnia, from injections of morphine, 
chloral, and large doses of codeine and extract of thebaia (3-S centigr 
before going to bed). 

As a rule, bleeding does not produce permanent benefit in ataxia. 
Even in the stage of congestion, it relieves the irritative symptoms to a 
very slight extent or not at all. Experience, also, indirectly confirms 
the uselessnesa of bleeding, since some patients suffer, from time to time, 
from an abundant hemorrhoidal flux, without experiencing any appreciable 
improvement in the symptoms of irritation. 

It haa been the fashion, for a long time past, to send all ataxic patients 
to a warm mineral spring. Waters, possessing a temperature of 24°— 
28° C, are usually borne well by the patients, and the neuralgias, spasmSj 
and distressing sensations of cold may disappear. In impression able 
patients, mineral waters are frequently useful a^ a preparation for hydro- 
therapeutic treatment. But mineral waters with a high temperature are 
positively injurious, since they increase the condition of congestion and 
the sensibility of the patients to variations in temperature. If their use 
is prolonged, they increase the want of resistance on the part of the ner- 
vous system, and very frequently hasten the appearance of motor disturb- 
ances. Vapor baths are also contra indicated in ataxics. By their increased 
temperature, and the douche which is subsequently administered, they may, 
in the beginning of the affection, increase the condition of hypersemia of 
system. It is well known, also, that, in the chronic forms, 
vapor hatha have a debilitating action, and produce vertigo, nausea, and 
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exhaustion. 8ea hatha do not possess as many advantages as methodically 
applied hydro therapeutic measures. 

Hydrotherapeutics form one of the most efficient methods of treat- 
ment in ataxia. By methodically stimulating the vast expanse of sensory 
nerves, and by rendering the peripheral circulation and the cutaneous 
functions more active, hydropathic treatment allays the central irritation, 
strengthens the nervous system, and diminishes its great excitability and 
the dangers to which it is exposed on account of its sensibility to atmos- 
pheric changes (vide p. 206 for further details). 

The first rule in the application of hydrotherapeutics to easily excited 
patients consists in the avoidance of all measures which are capable o( 
increasing the subjective phenomena of congestion and irritation already 
existing. Everything depends upon a cautious and circumspect apph- 
oation of the method. The most useful measure appears to consist of 
friction with a cloth dipped in water possessing a temperature of 18° or 15° 
C. At the same time a cold compress may bo applied to the head, and the 
patient is then placed in a bath of 24° to 20° C, into which cold water is 
slowly poured until the temperature is lowered to 18° or 16° C. The pa- 
tient remains in this bath from four to eight minutes; he is then show- 
ered, and friction is applied to the back. After the entire procedure is 
complete, the patient should experience a sensation of comfori;; after being 
thoroughly dried, he may take moderate exercise in the open air. We 
should not employ cold water, strong affusions to the head, douches, or 
wet packs, since they produce a permanent exciting effect upon impres- 
sionable patients. 

Wet packs, continued until there is a gradual returnof general warmth, 
especially to the legs, combined with cold applications to the head and 
followed by cool half-baths, may be employed in ataxia, but only when the 
patient suffers from spasms or distressing neuralgia. This measure is also 
employed in. violent rachialgia, although we may also be compelled to 
employ frequently renewed cold compresses to the dorsal region or pro- 
longed cool baths, local packing, and injections of morphine. 

Hydrotherapeutic treatment may even be practised in winter, with the 
necessary precautions and in a. moderately warm establishment. By per- 
severing for a long time, we may restore the energy of the motor func- 
tions, cause the disappearance of the neuralgias, improve digestion, and, 
up to a certain point, the activity of the sphincters (by employing, for a 
short time, ascending douches to the perineum, and douches to the sacral 
and hypogastric regions). 

The electrical treatment should consist, in the stage of irritation, of 
the application of constant currents, for a few minutes, through the verte- 
bral column (preferably the ascending current). In the more advanced 
stages of the disease, the faradic current, which readily produces irritation 
on account of its tension, is less useful than the galvanic current (moder- 
ate interrupted currents, passing from the dorsal spine to the nerves or 
muscles, each seance lasting 3-5 minutes). We must avoid violent and 
painful contractions. 

In ataxia of slow progress, electricity may have a favorable influence 
upon the motor and sensory disturbances. When the power of movement 
rapidly fails, the prudent application of the constant current may reinforce 
the motor functions, and the electrical brush sometimes causes improve- 
ment of the sensory disorders, although these measures do not arrest the 
progress of the disease. I have obtained marked improvement, in some 
oases, by combining eleotricity with hydrotherapeutics. 
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CHAPTER XXm. 

OP THS LATBBAt FOETIONa OF THK COBD. 



Bjmmetrjcal sclerosis (gray degeneration). The lesion may also extend to 
the entire half of the cord, and may lead to what is known as spinal hemi- 
plegia. It is only recently that the anatomical conditions and clinical 
forms of this group of epmal aSections have been made the subject of 
exact investigations. 

A, — PrIUABT SCLKBOBIS OF TBK LaTKKAL CoLUMTTS. 

We have previously discussed the secondary degenerations of the lateral 
columns which develop in locaiized lesions of the brain and cord (Tuerck). 
In dementia paralytica, the posterior segment of the lateral columns may 
also present an isolated lesion or combined with degeneration of the pos- 
terior column (formation of granular cells and enlargement of the inter- 
stices of the connective tissue, Westphal). Finally, the researches of 
Charcot (Arch, de physiol., Vol. II., 1869; Vol. IV., 1873; and Lejona sur 




les maladies du systftme nerveux, 6" fasc, 1874) have demonstrated, from 
an anatomical and clinical standpoint, the existence of primary sclerosis of 
the lateral columns. The origin of our knowledge concerning this affec- 
tion may be traced to the observation published by Tuerck in 1856, of 
double degeneration of the lateral columns without cerebral lesion, and to 
the primary sclerosis of both lateral columns observed by Charcot, in 1865, 
In a case of permanent hysterical contracture of all the limbs. 

The anatomical characteriatica of primary lateral sclerosis appear to 
the naked eye as a gray, gelatinous degeneration of the affected column, 
and, under the microscope, as an interstitial hyp^*^plaaia of the connective 
tissue and corresponding atrophy of the nerve elements. The sclerosis 
affects, by preference, the posterior segment of the lateral columns. It 
extends from the inferior portion of the spinal cord into the pyramids and 
pons varolii, and may, in some cases, be traced into the pes pedunculi. 
nith TegAiA to the anatomical differentiation between secondary descend- 
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ing acleroaie in cerebral lesions and primary lateral Bcleroais, Charcot haa 
recently made the fallowing distinctions {Progr^a m^dic,, fi, 1876) : Second- 
ary sclerosis, when it arises from a single foyer, only involves the l&teraJ 
column of the opposite side, and never occupies more than a vary circum- 
scribed portion of the posterior lateral column; primary scleroaia, on the 
other hand, extends further, and is not clearly defined; it is more diffused, 
and may extend anteriorly to the external angle of the anterior horn, pos- 
terioriy to the posterior gray substance and, tnternatly, to the bundle of 
nerve fibres (perhaps sensory) which forms the deeper portions of tlie lat- 
eral columns. Woroschiloff (Ber, d. k, Sachs. Atad. d. Wiss., Leipzig, 
1874), in his later experiments, made isolated transverse incisions through 
certain portions of the spinal cord, and then determined, with the micro- 
scope, the lesion produced thereby. He found that a transverse incision 
of the posterior and anterior white columns (and of the entire gray sub- 
stance), made upon a limited portion of the length of the cord, did not 
produce any appreciable disturbances in the transmission of motion and 
sensation. These columns do not, therefore, contain fibres which unite 
the brain to the spinal nerves, but merely short communications connect- 
ing the nerve fibres with one another. The real bond of union between 
the brain and the nerve roots is found in the lateral columns, the lateral 
column of each half of the cord containing motor and sensory fibres pass- 
ing to two limbs. The lateral columns grow thicker from below upwards, 
since they receive new fibres from each nerve which they transmit to the 
brain. Henle (Handb. d. Nervenlehre, 1871, p. 70) states that ho has only 
been able to recognize in the lateral columns fibres which originate in the 
gray substance and then bend upwards. This fact confirms the experi- 
mental conclusions of Woroschiloff, but further investigations are neces- 
sary in order to pronounce definitely upon the functional significance of 
the lateral columns in man. 

The symptomatology presents many peculiarities, according to Charcot 
and to the observations recently published by Erb and O. Berger, although 
the latter were not verified anatomically. The disease commences with 
slight symptoms of paresis in the lower limbs, walking or prolonged stand- 
ing becoming difficult. At a later period, stiffness and loanf of suppltnesB 
develop in the legs, with involuntary tonic movements of extensioiv fmore 
rarely, of flexion), which continue a short time, and are manifested cnieflv 
in the knee. These phenomena of muscular tension are not very painful. 
Slight clonic spasms and tremor of the legs appear after exertion, excite- 
ment, or even after sudden passive movements. Patients affected with 
this paraparesis have stiff, very incompletely flexed knees, and take short 
steps, the legs being closely approximated and dragging upon the ground. 
When the eyes are closed, they present no symptoms of ataxia and do 
not stagger. The nutrition of the muscles which are affected with this 

jsis does not suffer to any appreciable extent, even after the disease 

lasted several years. This also holds good with regard to their elec- 
trical contractility and to the excitability of the peripheral nerve trunks. 
It is only iu the last stages that we observe slight emaciation and relaxa- 
tion of the muscles. Sensibility is normal, the reflex excitability of the 
akin often increased, and the ten don -rod exes are almost always exagger- 
ated (Erb, Berger). The functions of the brain and cranial nerves, and 
of the bladder, rectum, and genital organs remain iutact during the entire 
duration of the disease. As a rule, bed-sores do not develop even when 
the patient is confined to his bed for several years. 

At a more advanced stage, the paraplegic limbs become the seat of 
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permanent rigidity and of immobile contractures, which are subject, at 
intervals, to paroxysmal inereaae, atteoded with iatenae pain. The coti- 
traeture usually fixes the legs in forced extension, the feet in equino- 
vaniE, the knees firmly pressed against one another by the contracture ol 
the adductors; contracture of the Sexors rarely occurs. Paresis and stiff- 
ness of the muscles of (he back and abdomen are also observed in some 
cases. Permanent contracture of the upper limbs, with forced extension 
and application of the arm against the trunk, only occur after a very long 
duration of the disease and, exceptionally, in the first stages. The con- 
tracture of the upper limba is generally less pronounced or barely notice- 
able. 

Primary lateral sclerosis usually continues for a number of years. Ac- 
cording to Charcot, it is not incurable even after it has reached the highest 
stage of its devefopment. Erb has seen one case recover completely and 
several others markedly unproved. Death is almost always due to inter- 
current diseases. 

We frequently recognize characteristics of primary symmetrical lat- 
eral sclerosis among the morbid forms clas»fied under the general term 
of chronic myelitis. Paralyses associated with muscular tension and con- 
tracture indicate the participation o£ the lateral columns in the spinal le- 
sion. These phenomena, however, become lost and disappear in a host of 
other symptoms and functional disturbances. 

Primary lateral sclerosis is distinguished from interstitial myeiitia and 
from aelerosis of the posterior col'utnna by the slow progres.s of the para- 
paresis, by thg muscular tension and early contracture, by the increase of 
the tendon -reflexes, often also of cutaneous reQex action, and finally by 
the absence of other spinal symptoms and of disturbances of oo-ordination. 
In order to differentiate lateral sclerosis from amyotrophiG spinal affec- 
tions, we must be guided by the prolonged preservation of muscular nu- 
trition and of the electrical reactions. lu peripheral paralysis we do not 
observe a symmetrioaJ development of the spasmodic and paretic symptoroB, 
and, on the other hand, there are other positive signs, such as the combi- 
nation with disturbances of sensation and nutrition, rapidly developing 
feebleness of the electro-muscular contractility, and loss of reflex excita- 
bility. By continuing our investigations and increasing the number of 
our observations, we will arrive at more positive conclusions with regard 
to this new disease. 

The Irealment coincides with what has been already formulated in the 
preceding chapters in regard to chronic diseases of the spinal cord. Elec- 
.tricity, hydrot he rape u tics, and the use of mineral waters are the measures 
which furnish the beat results. If advanced paraplegia exists with ox- 
tended contractures, ne cannot hope for improvement under any plan of 
treatment. 

Symmetrical lateral sclerosis also includes a second variety, viz.: amy- 
otrophic lateral sclerosis, whose anatomical and clinical history has been 
estabiiahed by Charcot (Prog. m6d., 33-29, 1874; Lejfons, etc., 3* faso.; 
Arch, de physio)., 1875, p. 739). The analysis of this new disease has 
been made by Charcot, from five personal observations combined with ex- 
amination of the anatomical lesions, and from the analysis of other cases 
of progressive muscular atrophy and of bulbar paralysis, scattered tbrougli' 
out medical literature (Dum6nil, Barth, Leyden, L. Clarke, etc.). 

The anatomical lesion of amyotrophic lateral sclerosis consists in a 
primary symmetrical sclerosis of the lateral columns, with a correspond- 
ing change :n the anterior gray horns. The gray degeneration occnpiec 
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the posterior segment of the lateral columns, reaches its maximnm in tlie 
cervical enlargement, diminishes progressively from above downwards, and, 
in the lorabar region, does not occupy more than the posterior fourth. In 
the medulla oblongata we can follow the lesicm throughout the entire 
length of the pyramids, and from thence into the lower part of the pons 
and sometimes into the foot of the cerebral peduncle; the internal capsule 
is usually intact. In the anterior horns the sclerosis involves the neu- 
roglia and the large motor nerve cells, as in progressive muscular atrophy. 
The cervical region ia usually involved to the greatest extent. In the 
floor of the fourth ventricle, the colls in the nuclei of the spinal acces' 
Bory, facial, and especially the hypoglossal nerves, are in a similar condition 
of degeneration. The anterior roots and peripheral nerves are merely 
atrophied. The trophic lesions of the muscular system are the same as 
in progressive muscular atrophy, but their inflammatory character appears 
more marked in amyotrophic lateral aelerosia, and the hyperplasia of the 
perimysium is more pronounced. 

The symptomatology of amyotrophic lateral sclerosis beara the impress 
of the two medullary lesions, that of the lateral columns and that of the 
anterior horns. It is a combination of lateral sclerosis and progressive 
muscular atrophy. The course of the disease may be divided, according 
to Charcot, into three stages. Th,ei first p^iod comprises the phenomena 
on the part of the upper limbs. They present paralysis, atrophy, and 
intense fibrillary spasm with preservation of electrical contractility. Pri- 
mary contracture soon appears in the paralyzed and atrophied limbs, as 
in the analogous forma of lateral sclerosis. These contractures are accom- 
panied in the beginning by tremors, At a later period, when the entire 
arm is atrophied, the spasmodic rigidity, which sometimes extends to the 
muscles of the neck and jaw, disappears. Usually the upper limbs are 
Buocessirely involved, and, at the end of four to six months or a year, the 
alterations in the arms have attained a very marked extent. The disease, 
after remaining stationary for aeveral montha, then possea into the second 
period. The lower limbs then become involved in the motor paralysis, 
without affection of the bladder or rectum, without tendency to bed-sores, 
but with characteristic attacks of tonic and clonic spasms, terminating in 
permanent muscular rigidity, and with increase of the cutaneous and ten- 
don reflcKea, A very long time elapses before the rigidity diminishea in 
the lower limbs, giving place to fibrdlary spasms and atrophy of the mus- 
cles. In the third period all the preceding symptoms are aggravated, 
and bulbar symptoms supervene, assuming the well-known characteristics 
of paralysis of the bulbar nuclei. Serious disturbances of circulation 
and respiration, from lesion of the nuclei of the pneumogastric nerves, 
terminate the sad spectacle of this disease, 

The three stages which we have thus briefly sketched terminate in a 
imparatively short time. All the symptoms have usually made their 
appearance in sis months or a year from the beginning of the disease, 
and death occurs in from two to three years. Charcot regards the hemi- 
plegic forms and those which begin with bulbar symptoms as very rare 
anomalies. 

Secondary lateral sclerosis, from localized lesions of the brain or cord, 
may also, according to Charcot and others, extend to the anterior horns, 
but only in very rare cases. Charcot mentions an observation in a woman, 
aet. seventy years, who had sudden left hemiplegia, aoon followed by 
contractures, muscular atrophy, and diminution of electrical contractility. 
A.t the autopsy, a bsemorrhagio foyer was found in the centrum ovale of 
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the right hemisphere, with descending acIerosU of the left lateral columns 
and atrophy of the oelU of the left anterior horn in the cervical and lum- 
b&r enlargements. In an analogous case, recently published by Pitres 
(Prog. mSd., 8, 1876), an old hasmoirhagio foyer was found in the right 
lenticular nucleus, with destruotion of a portion of the internal capsule, 
and descending sclerosis situated in the peduncle, pyramid, and left lat- 
eral column; the left anterior horn was sclerosed in the upper portion of 
the cervical enlargement. The atrophied muscles were emaciated, yel- 
lowish, and affected, in great part, by hbrous degeneration. Even second- 
ary sclerosis, following medullary lesions en foyer, may produce muscu- 
lar atrophy by extension of the lesion to the anterior horns. 

With regard to diatpiosla, the important point is to distinguish amyo- 
trophic lateral sclerosis from progressive muscular atrophy, with which it 
has hitherto been confounded. Progressive muscular atrophy is charac- 
terized by its very slow course and its long duration. Even after the dis- 
ease has lasted for several years, and the arms are very much atrophied, 
the lower limbs may be in a satisfactory condition. In idiopathic pro- 
gressive muscular atrophy, the symptoms of bulbar paralysis are rare and 
exceptional. According to Duchenne's observations, it was found thir- 
teen times in one hundred and eighty-nine cases of muscular atrophy. 
On the other hand, the course is rapid and the duration very short in 
amyotrophic lateral sclerosis. All the limbs are sucoessiyely involved 
within a short period, and the lower limbs present characteristic changes, 
shortly after the beginning of the disease, Tbe'atrophy of the limbs is 
superadded to a previously existing paralysis, and this atrophic paraly- 
sis is soon accompanied by primary spasmodic rigidity of the muscles. 
Finally, Charcot mentions the following as a characteristic sign: partial 
affection of certain groups of muscles in progressive muscular atrophy, 
while in amyotrophic lateral sclerosis the muscles of the limbs are involved 
en masae. In the latter affection we also observe disorders of sensation, 
and tenderness of the muscles upon pressure and extension. 

The anterior spinal paralyai» of adults of Duchenne (subacute ante- 
rior poliomyelitis of Kusamsul) is differentiated from amyotrophic lateral 
sclerosis by the initial fever, sometimes attended with cerebral symptoms, 
by the rapid spread of the muscular atrophy, with weakness of the electri- 
cal reactions, by the absence of muscular tension andspasmodicdeformities, 
by the paralysis which generally extends from the lower to the upper limbs, 
by the rarer, but always fatal, complication with bulbar symptoms, and 
finally by the rapid improvement of the legs, with longer persistence of 
the paralysis in the upper limbs. The anterior paralysis may recover or, 
at least, improve and its progress be arrested. We can readily distinguish 
amyotrophic lateral sclerosis from other forms of chronic medullary af- 
fections, if we pay attention to the symptoms and characteristic course of 
the disease. The action of cold and damp is regarded as a causative agent; 
in one case the affection was traumatic in its origin. The female sex has 
furnished the larger number of patients; their age varies from twenty-six 
to fifty years. From the facts hitherto obtained, t\i^ prognosis of amyo- 
trophic lateral sclerosis must be regarded as absolutely unfavorable, since 
not a single case of recovery has been observed. All the cases terminated 
in death after a relatively short duration of the disease. The ^eatment 
consists of the methods in vogue in other spinal affections, but it has 
always proved entirely futile in this terrible disease. 
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B. Dl&£AB£S OF ONE OF THB LATERAL HaLV£S OF TUB 

Spinai. Cobd. 
(With Orossed Hemiplegia hod HemianEesthesia.) 

Among the advances made in recent times in the pathology of the 
Bpinal cord must be placed a disease, our knowledge of which has been 
due, in equal measure, to clinical observation and experimentation. I 
refer to lesions of one of the lateral halves of the cord. The affection had 
been recognized and described in its principal charitcteriatica by some of 
the older authors, but these descriptions were deficient in the anatomical 
demonstration of the lesions and in the insight afforded by experimenta- 
tion. 

Cases of unilateral disorders of motion, with disturbances of sensation 
upon the opposite side, have been reported by Burserius, Morgagni, Ramaz- 
zini, S6nac, and Ollivier. A more important and characteristic case was 
published by Boyer (Traits des maladies ohirurgioalea, T. VII., p. 9). 

Schilling's, Eigenbrodt's, and Koelliker's investigations upon the laws 
of spinal conduction have less reference to the disorders of sensation than 
to those of motion. The last two authors performed section of the cord 
in animals, and demonstrated the decussation of the anterior roots of the 
spinal nerves in the anterior commissure of the cord. They also proved 
by these experiments that a second decussation of the motor fibres occurs 
in the cord itself, independently of the decussation in the pyramids. Schiff 
and Brown-S6quard have observed, in their recent experiments, that in 
transverse section of the posterior columns the parts situated behind the 
incision present increased sensibility to stimulation. Weak stimuli, which 
pass unnoticed in healthy animals, provoked cries of pain in these experi- 
ments, and the animals endeavored to escape. After a eertain length of 
time a manifest diminution of excitabiliti/ follows this first stage of in- 
a-eaaed sensibility. Section of the cord, involving the posterior columns, 
does not abolish the transmission of sensation. The latter was preserved 
if a thin column of the central gray substance or a portion of the horns 
(especially the posterior) remained intact. The transmission of sensory 
excitation occurs, therefore, in the gray matter or sesthesodic substance 
of Schiff {although this tissue is itself insensible). According to Brown- 
S<^quard's experiments (Journ. de I'aoat et de la physiol., T, VI., 1863), the 
motor fibres, in man, only decussate in the pyramids, but the decussation 
of the sensory fibres occurs along the whole length of the cord and probably 



at a slight distance from the point of entrance of the posterior roots, 
groups of syraptoma will appear after section of the lateral half of the cer- 
vical cord, including the antero -lateral and posterior columns and the gray 
substance. Upon the same side as the section, the phenomena are: hrst, 
paralysis of motion, muscular sensibility and of the vessels (with elevation 
of temperature) ; secondly, hyperiesthesia of the trunk and limbs to con- 
tact, pricking, electricity, and changes of temperature; thirdly, aniesthesia 
in a small zone between the upper limit of the hyperesthesia and the 
healthy portions of the body; fourthly, symptoms of vaso-motor paralysis 
in the face and eyes (elevation of temperature, increased sensibility, 
_ alight contracture of some of the muscles of the face). Upon the side of 
L the body opposite to the section of the cord, we find; first, preservation of 
m motion and muscular sensibility; secondly, anesthesia of tne limbs and of 
B nearly all the varieties of sensation. 
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According bh the lesions involve a part or the whole of a lateral halt 
of the cord, and according to their height and depth, the symptoms 'wiU 
present some variations, altho^gb always laanifesting certain fundamental 
characteristics. In severe lesions of the cervical or lumbar reg-ions, paral- 
ysis of motion occurs in one leg, and paralysis of sensation in tho other, t. e., 
hemiplegia with crossed hemianiesthesia, If the lesion does not penetrate 
so deeply as to involve the central organ of sensory conduction, motor pa- 
ralysis of one side may alone develop. 

The experimental uivestigationa, which we have mentioned, throw con- 
siderable hght upon the pathology of spinal lesions. If the affection in- 
volves the entire lateral half of tne lower segment of the medulla oblon- 
gata (at the decussation in the pyramids), voluntary motion will be par- 
tially preserved upon both sides of the body, with complete abolition of 
sensation upon the side opposite to the lesion. If the morbid foyer occu- 
pies the entire thickness of the lateral half of the cord at a certain height, 
all parts of the body situated below the lesion, and upon the same side, 
will be deprived of voluntary motion, but not of sensation, while, on the 
opposite side, abolition of sensation will occur, with preservation of mo- 
tion. We may also add that different portions of the two halves of the 
body may be affected with paralysis of sensation, even in unilateral affec- 
tions of the cord. If, for example, the lesion is sufficiently extensive to 
involve, at the same time, the origins of the nerves which supply one lirab 
or a portion of the trunk npon the same side, these nerves will lose their 
power of conduction as well as the sensory nerves of all portions of the 
body situated below the lesion and upon the opposite side, If aniesthesia 
limited to the same side follows a unilateral lesion of the cord, it is due 
to irritation of the posterior nerve roots. 

Brown-SSquard reports twenty-four chnical observations in confirma- 
tion of the results of his experimental investigations upon the lesions of a 
lateral half of the cord. Other cases of a similar character have been 
since published by Kadcliffe (Lancet, May 27, 1865), Bazire (Lancet, Vol. 
II., 5, 1865), by myself, by Charcot (Arch, de physiol., 1869, and 1873), 
Cantani (II Morgagni, 1870), W. Mueller (Beitr. z. Anat. u. Physiol, dea 
Bueckenmarks, Leipzig, 1870), Joftroy and Salmon (Gaz. mM., 1873), 
Riegel merl. klin. Wsohr., 1873), and Troisier (Arch, de phyaiol., 1873). 

Patnologicai Anatomy, — In Monod's case, published by Ollivier (in- 
complete motor paralysis of the right leg and complete insensibility of the 
left side, from the thorax to the toes), a hremorrhagio extravasation wa« 
found in the lower portion of the right half of the cord; a brownish hiem- 
orrhagic infiltration also extended to half of the gray substance, and tha 
left horns and most external portions of the white substance alone re- 
mained intact, OrS has recorded two observations (Mem. de la Soo, da 
Biol., 1853); in one (paralysis of sensation on the right, and of motion oo 
the left side), a blood clot was found in the left half of the cervical cord; 
in the other case (abolition of motion on the right, and of sensation on 
the left side), the cervical cord was compressed from right to left by a 
spungy excrescence growing from the dura mater. In the two oaaee re- 
ported by Charcot, the unilateral lesion was caused, in one instance, by 
an intra-meningeal spinal tumor, and, in the other, by an intra-medullaif 
syphiloma. In w". Mueller's case, the cord was cut transversely below tha 
third pair of dorsal nerves, from behind forwards, and from right to left 
(the point of a dagger was left in the wound). The left half of the cord 
was oompietely divided, and the surface of the section was swollen, of a 
reddish-brown color, and covered with pus; the meninges were adherent 
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one another around this point. la Troisier'a case (weakness of the left 
leg, incomplete aniestiiesia of the right leg) the lesion consiated of sclerosia 
of the inferior half of the dorsal cord, especially on the left aide. Upon 
the right side the lesion only occupied a few points in the posterior and 
lateral columns. 

After this general review, I shall report two personal observations, 
which are rendered the more interesting because they have given rise to 
investigations into the neurology of the external integument. 

A peasaiit, aet. ttrenty-Heveii years, stated tbat towanla the end of Sept., 1866, wbila 
walking beside hia horBes and Rowing seed, he was straek by a violent goat of wind. Short- 
ly afterwards he experiencad a burning- aensatioii in the sole oE the right toot, wbinh, 
after Beverol days, involved tlie n);ht lower limb, and, a week later, the upper limb ; thia 
texminated in an inBensibility to blows and pricks, which was accidentally di)ioovered 
by the patient. At the end of abont two months he experienced seaBatiocB of oold, 
formication, spasms of the extensors In the left lower limb, and in the thumb aad index 
flngei of the right hand. The patient lost the nse of the left arm completely, and ex- 
perienced lanainating pains in the left leg ; he dragged this leg in walking. 

When he entered the hospital, a year later, inoomplete hemiplegia of the left eida 
wai acted with normal senHibility. The hand was very weak, the arm onuld not he 
lalaed above the horizontal, ootlve extemion, abduction and adduction of the hand 
were impossible, as well oa Qexion of the arm baokwards. Active extension and deiion 
at the hip or knee were accompliaheii with alowneas and evident difflcnity. In walk- 
lag, the left leg was stiff and dragged coasiderabiy, Seosibility, reflex exoitability, and 
Benaibility to temperature were normal. Electro-musoulux eontractility was murkedty 
diminished in the extenaor eammunis of the Qngers, the extensors of the index-linger 
and thumb, tlie iuterossei, and the musolea of the ball of the thumb. The galvanio 
excitability of the nerve trunks, especially of the radial nerve, was very much dimin- 
iahed. 

7%» right half of the bod;/ presented, on the other liand, awuthegia wiUio-ai motor dit- 
Uirtianeeii. With the exception of tJte anterior and posterior halves of the head and the 
lateral portion of the neck, the right upper and lower Umbs and the lateral paction of 
the trunk, were insensible to pinching, pricking, and to the electrical brush. A spaoe, 
about as lai^e as three lingers, had preserved its seuaibllity in the lumbar region. The 
perineum and scrotum were also sensitive as far as the root of the penis. The patient 
was unable to diatinguish hot and cold water upon the aide of the body affected with 
aniesthesia and analgesia. When the right hand or foot was plunged into cold water, 
it produced a sensation of pain but none of temperature. Keflex excitability w&a 
abolished, but voluntary movementa and mnacular sensibility were retained. Strong 
farsdic atimulatiou of the muscles of the forearm produced reSei contractions in the 
triceps, deltoid, and pectoralis major. The patient experienced a frequent and annoy- 
ing sensatioa of flashes of heat in the ansaathetio portions. 

The lesions of the sensory paths extended, therefore, from the fifth 
pair of cervical nerves downwards, with the exception of a small surfaoe 
corresponding to the coccygeal nerves. The incomplete motor disturbances 
indicated a partial lesion of the left lateral half of the cord and of the 
motor fibres which decussate higher up. The well-defined symptot 
this case rendered the diagnosis positive. In the hemiplegia of c 
apoplexy the cranial nerves are usually more or less involved, wnen 
aniesthesia and analgesia coexist (which is rare), they are always found 
upon the same aide as the motor paralysis (for further details, vide p. 46). 
Severe lesions of the brain also produce, in such oases, disorders of con- 
sciousness and of the psychical faculties; electro-muscular contractility and 
aensibility, on the other hand, remain intact. T/ie unilateral form oj 
ataxia is rare; it presents the symptoms of spinal irritation for several 
years; the anaesthesia does not progress steadily until at an advanced 
stage, and is accompanied by wealcness of movement and by disturbauces 
of co-ordination. Generally analogous phenomena are observed upon the 
other aide of the body. The rhewnatio Iiemipletiia, described by Hoppe, 
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Romberg, mad E. H. Weber (which I regard as » panlysis from esposiire 
(Wiener Hediciaa]balle, IS&i) ) Uaametimefi associated with diminution of 
MnaatioD. But the latter oniy exists in the paretic or paralyzed limbs; 
muscular senaibilitj ia very often abolished, and electrical excitability is 
slightly changed. In women, we must also exclude hysterical hemiplegia, 
which is distinguished, witliout reference to the other sigiiH of hysteria, 
by the anaesthesia of the deeper parts, of the mucous membranes, aad even 
oi the special senses upon the same aide, by the diminution or abolitioa 
of electro-cntaneous aad electro- muscular sensibility, and by the integrity 
of the electrical reactions of the muscles. 

We may finally add, with regard to treatment, that the patient was 
first given iodide of potassium (7 decigrammes daily); warm baths had a 
beneBcial effect upon the condition of medullary irritation, but vapor baths 
and douches, on the other hand, were injurious. At a later period, strong 
descending currents were employed (from the vertebral column to the 
brachial plexus and nerres), alternating with the application of the electri- 
cal brush to the insensible parts. After seven weeks of treatment the 
power of motion was markedly improved, the movements being leas cir- 
oumscribed in the left limbs, while, upon the right side, the paralysis o£ 
sensation had made no appreciable progress towards recovery. In the tenth 
■week it began to disappear from the centre to the periphery. When the 
patient left the hospital (at the end of the third month), the motor and sen- 
sory disturbances had disappeared. The exudation (?) into the left lateral 
balf of the cord had been completely removed at this period. 

After describing this form of spinal hemiplegia from exposure to cold, 
I will now publish the notes of a case in which the affection of a lateral 
half of the cord was due to traumatism. 

An apprentice, aet. tweDtr)--t«o jeaia, waa cat with ■ knife <m the left aide of tha 
■pinous processes of tlie third and fonitb dorsal lectebne. Altnoet at the sam^ time 
he waa felled, bja blnw from a clab, in the right lambar region. Tkt pmMT of motioa 
immtdiatdy dunppenrtd in tits left Ug, tMit tAe tott being pamlf/ttd. Soon after the 
patient noticed that the right lincer iimb, in tehicA tnolion mu prtterttd, was insensible. 
The left arm bad also become heai;, bat not, by anj means, so stiC and luiwieid)' aa 
the left leg. 

Upon carefully examining the patient, a cicatrix waa observed In tlie back, at the 
point already indicated, to tSe left of the dorsal spine (tbe vixuid bad been received 
three days previonalyj. There waa paralysis of the left lower limb, and pareaia of the 
left arm and hand. SenaatioD on the left half of the body was entirely normal ; tbe 
electro moscnlar contractility and galvanic excitability were markedly diminiabed. ' 
The right lower limbs retained perfect freedom of motion ; sensibility to prussure wai 
preserved, bat aensibility to pain. C^mperaCure. and to the electriial brush hod en- 
tirely disappeared ; mnBcnlar sensibility waa normaL The patient immediately began 
to ata^er. when he etood with his feet together, the eyes being closed. Analgesia 
not only existed throa^hoot the right lower limb, but also upon tbe anterior and pos- 
terior Hnrfocesof the tmnk. This analgeBia extended upwards to tbe right loin, and 
(q>on the abdomen as far as the median line, below to the right groin, the light halt 
of tbe scrotum and penia and to the right testicle <which waa insensible to piessme 
and etectri .Itj) ; posteriorly it extended from the right half of the perineam to a 
tine paraing cbrongh the upper lumbar vertebra. T/U leHon leatt Aerefort, *ituaUd At 
Vu tieiiuty of the lujnbar e/Uarga/iehL 

The limits of the analgesia, in these two cases, correspond exactly to 
the distribution and to the lines of demarcation of the cutaneous nerves 
(described by Voigt). The second case waa under treatment about two 
months, but only incomplete recove.ry was obtained. The faradization of 
the paralyzed muscles contributed largely to the restoration of motor 
power, 80 that the patient could walk, with the aid of a cane, at the end 
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of five weeks, and, three weeks later, could walk freely, merely dragging 
the left leg slightly. But the analgesia had undergone tio change, despite 
active treatment with the electrical brush. 

An analysis of these cases and of those published by other authors 
will lead to very interesting conclusions, both from a physiological and 
pathological point of view. 

The mofor paralysis oocurs upon the same side as the lesion, while sen- 
fiibility ia abolished upon the opposite side, because the sensory fibres 
decussate along the whole length of the cord, and the motor fibres high 
up. The motor paralysis may assume the form of an incomplete hemi- 
plegia or chiefly involve one extremity (usually the lower limb). On the 
other hand, in RadcliSe's second observation, both arms were alone in- 
volved in the paralysis and ancesthesia. This incomplete paralysis proved 
that the lesion of the lateral half of the oord was only partial and situated 
high np towards the cervical region. The abolition of motioi> ia usually 
preceded by the irritative symptoms so frequently observed in other spinal 
paralyses. These irritative phenomena consist of clonic or tonic spasms 
m the muscles of the limbs and in certain muscles of the fingers, or in con- 
tracture of the muscles of the neck and jaw. At a later period, exhaus- 
tion after motion, and tremor develop as precursors of the paresis or pa- 
ralysis. 

The sensorp disturbances usually appear at the onset. They consist 
of sensations of burning or pricking, formication, cold, and heaviness. 
Neuralgia develops if the irritation of the sensory fibres becomes more 
intense. Hypersesthesia then usually occurs, but lasts merely a short 
time, and soon gives place to anaesthesia, the various forms of sensibility 
being involved in different degrees. Not only the skin, but the tendons, 
ligaments, bones, muscles, and nerves, may entirely lose their sensibility 
to mechanical, thermic, and electrical irritation upon the side opposite to 
the section of the cord. In other cases the perception of temperature or 
of pain is alone abolished. Lancinating pains sometimes oocur in the 
anaesthetic limbs (antesthesia dolorosa). In my first patient, the reflex 
excitabUity to tickling and the sensibility to temperature had disappeared 
in the anwsthetio portions. The muscular sense was preserved in both 
oases, the patients being able to move the limbs freely vrithout being aided 
by the sense of sight. They could distinguish changes in position, the 
different degrees of resistance opposed to them, and difference in weights 
with perfect accuracy. The similarity of these symptoms in the cases hith- 
erto observed has led Brown-S^quard to believe that the nen'es presiding 
over the muscular sense, and the vaso-motor nerves, follow the same course 
as the motor fibres. The unequal affection of the different varieties of 
sensation appears to indicate, according to Brown -S^quard, that special 
nerves exist in the cord for the transmission of the various forms of sensi- 
bility. This hypothesis is also corroborated by the fact that the different 
varieties of sensation maj- recover separately. When the lesion occu- 
pies the upper portions of the cord, respiration ia impeded and aaceler^ 
ated. 

In addition to the disorders of sensation and motion which we have 
described, we not infrequently observe inertia and paralysis of the vesical 
and anal sphincters, abolition of the sexual power, and oscillations and 
vertigo in the erect position when the legs are placed in apposition 
(Brach's symptom). 

Electrical exploration of the paralyzed limbs gives different results, 
aocordlug to the greater or leas intensity of the spinal lesion. In both o( 
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our cases we observed diminutioQ of the electro-muscular oontractility and 
of the galvaoio exoitabilit; of the nerves. In Joffroy and Salmon's case 
the electro-mu scalar contractility had disappeared at the end of six weeks, 
but was re-established under the influence of faradization. 

The rejtex ercilability, both to electricity and to mechanical irritation, 
is usually increa^^d in the beginning. At a later period this reflex sensi- 
bility becomes lost. 

There is a very intimate relation between the extent of the aniesthetio 
regions and the mode of distribution of the cutaneous nerves, as Voigt 
has demonstrated by numerous and delioate preparations (from within out- 
wards and inversely) {vide Denkschriften dor i. k. Acad. d. Wiss., XXIL 
Bd., 1863). This relation existed very distinctly in two cases under our 
own obserration. In two oases of paralysis following vertebral caries, which 
have been previously discussed, in chronic scleposis of the cord, and in the 
hysterical paralyses, to which we shall refer hereafter, I have found anes- 
thesia of considerable extent limited by Voigt's lines, and the relation be- 
tween these two facts appears to me to be perfectly well established. More 
extended investigations, carried on in this sense, will furnish clear indica- 
tions concerning the changes in certain spinal columns, and concerning 
their anatomical and pathological relations, and from these considerations 
we will be able to draw conclusions concerning the situation of the lesion 
and its sequences. 

The mosaic which ia found in the central nervous system must neces- 
sarily correspond to the peripheral nervous expansions. We must first 
comprehend the law of these peripheral expansions, before undertaking, 
with any chance of success, the infinitely more difiG cult task of penetrating 
into the complex texture of the central nervous system. 

Voigt has communicated to me another fact, which is interesting from 
the same point of view, viz. that in birds the various territories occupied 
by the feathers correspond to the lines of demarcation of the cutaneous 
nerve filaments; these facts are confirmed by the researches of His upon 
the same question. 

It now remains for us to refer to the va40-motor and trophic distnrb- 
ances. In Joffroy- Salmon's and Mueller's cases contraction of the pupils 
was observed, with hyperiemia of the fundus of the eye and an elevation 
of temperature upon the same aide as the lesion. Upon the insensible side 
of the body bed-sores formed after a few days, and disappeared in the 
first case, as soon as the condition of congestion of the eye was relieved. 
In the same patient the knee upon the paralyzed side was red, swollen, 
and painful when movements were communicated to it. 

In Mueller's and Riegel's patients considerable muscular atrophy oo- 
curred, with diminution in the electrical excitability and lowering of the 
temperature. We know, from previous considerations, that these symp- 
toms indicate an affection of the gray substance, and especially of its an- 
terior horns. 

The prognosis of spinal hemiplegia depends upon the nature of its 
causes. It is unfavorable in the case of tumors compressing a lateral half 
of the cord, in sclerosis, and in abundant hferaorrhagea into the parenchy- 
ma of the cord. In unilateral hfemorrhage, especially when the patient 
has been previously healthy, we may hope for absorption of the extrava- 
sation and for improvement, if not complete disappearance of the paralysis. 

Spinal hemiplegias of rheumatic origin may also terminate in complete 
recovery. The termination naturally depends upon the degree of Jnten- 
■ity of the disease, upon its extent, and upon the character of the ph» 
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noRiena,. A moderate exudation or extravasation may recover almost en- 
tirely, but more aevere hjemoirhages and solutions of continuity will give 
rise to disorders which do not disappear. 

The Irealment in tbe spinal lesions now under consideration should be 
directed towards increasing absorption, and rendering the circulation and 
innervation, in the parts aSeoted with paralysis, more active. The iodide 
of potassium in moderate doses and tbe use of warm baths are indicated 
in the beginning. Vapor baths, cold douches, and very hot baths are not 
beneficial in this form of spinal irritation. In these cases English physi- 
cians prescribe sulphurous mineral waters. From what I have observed 
in closely allied spinal affections, they act like mineral waters in general. 
In Riegel's case, the annoying symptoms resulting from the increase of 
reflex action and of sensibility were successfully combated by subcuta- 
neous injections of Fowler's solution. 

The electrical treatment consists in the application of interrupted gal- 
vanic currents (produced by stroking the akin with the electrodes) from the 
nerve- roots and pleiuses to the nerve trunks of the paralyzed limbs. The 
descending currents should be preferred, but it is not necessary to pro- 
duce strong contractions. In paralyses of sensation, the faradic brush 
should be applied to the dry skin. If the anesthesia is very profound, 
the secondary current may be applied to the previously moistened skin. 
The application of the electric brush may be effected by means of the 
negative pole of a galvanic chain, by giving a descending direction to the 
interrupted current. The anode is preferably placed upon the trunks of 
the nerves which are distributed to the affected part. In persistent paral- 
yses of motion, it is well to alternate the treatment of the nenes by the 
falvanio current with the treatment of the paralyzed muscles by the in- 
uoed ourrent. 
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Tubercles, cerebral, 97 

of the spinal cord, 335 
Tumors, cerebral, 96 
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